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Introdu¢亡io延
　　　　The　fbod　ls　the　most　importa厳element　in　human　llfb．　Longer　and　stable
consumption⑪f　the　fbod　depends　on　its　palatabi1三ty　as　well　as三ts　quallty・With　the
ohange　of　consumer，s　preference，　cer¢als（i。e．　sorghum　and　Hungarian　grass）which
used　t・be　a　staple　diet　in　many　c・untries，｛s　n・w　malnly　utilized　as　a　feed　or
fermentation　materials　for　a　domestio　animal．　Although　the　consumption　of　corn　as　a
stap貰e　d｛et　is　stlU　high　in　dev¢重Gping　countries，　it　was　subs‡ituted　by　wh¢at　or　rice　in
many　developed　countr量es・
　　　　Alth・ugh　unpr・cessed・wheat・is・n・t　edible・ri。e　ca曲e　c・nsumed　as　g・ain　pa貫icles
after・c。。king，　and　als・can　be　apPli¢d　t・many　dishes　whe皿it　is　gT。u燕d・wh量ch　helps
rice　consumptien　steadily　rise　in　developing　countries　such　as　those　in　Affica．
　　　　Odor　of　the　fbod　largely　infiuences　the　preference　of　the　fbod．　Developing　new
techniques　f・r　anaユytically　eva1uating　flav・r・f　fe。ds　and　fb・d　ingredients・and
integratlng　these三nf・rmati。n　int。　deve1・pi皿9　system　f・r　impr・ving　their　fiav・r。r
r¢duc董ng　off－fiavor　contr茎bute　to　gain　the　pepularity　of　fbod　ingredients　by　expand量ng
｝ts　use　or　developing　new　food　apPlications・
　　　　　玉nthis　study，　sweet　p・tat・and　garllc　were　ch・sen　as　fUncti。無al　in＄redients
which　P・ssess　nutrlti。魏s　and　hea】th　be血e臨These　lngredients　a正s・P・ssess　a
P・・b覧¢田in越se　as　ingredients帥・。cessed　fe⑪ds　b¢cause・f　thei・distinct　fiav。L
Widely　establlshed　thro娃ghout㈱world，　the　sweet　potato　is　a　favorite　staple　of　many
CUltUreS。　ln　many　deVel。plng　C。UntrieS，1t　iS　n・W　gr・Wn　aS　a　SUbStitUte　for　rice・r
wheat．　In　Japan，　sweet　pot興tges　used　to　be　a　staple　diet　that　was　the　main　source　of
n。urishment　f・r　」apanese　after　the　W・rld　War　lL　Sweet　p・tat。　is　distrlbuted　in　the
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　けmarket　as　an　unprocessed　vegetable，　However，　the　prooessing　of　peeling　and　cuttmg
・f　sweet　P・tat。　is　quite　time　c・nsuming，　whlch　bec。mes　the　b・ttle　neek　for　c。nsume「s
Gr　food　services　which　pre　fers　the　produet　typif茎ed　by　a辱閣ready－to－use”pre－cooked
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ingredient・・r　ready－t・－eatll　pre－。・・ked　ingredients・Alth・ugh　it　is　kn。wn　t・pr・duce
the　favorable　sweet　potato　like　aroma　when　it　is　baked，　when　boiIed　potatoes　are　stored・
they　devel・p　an・ff一且av・r，　which　can　be　described　as　sweet　p・tat。－like・d・・ln　Japan・
This　peculiar　pr。perty。f　the　a・。ma　pr・ducti・n　is　a　se・i・us　pr・blem　in　f・。d　se・vice
systems。r　in　h・use　c・。king，　which　limits　the　use・fsweet　p。tat・in　the　culinary　re。ipe
because　of　the　unique　flavor　properties　which　may　overwhelm　the　taste　quality　of　the
prepared　dishes・
　　　　　Als・，　garlic　has　been　rep。rted　as　a　therapeutic　f・・d・usefuE　in　preventi・n。f　the
cancer．　Numerous　studies　showed　that　garlic　and　lts　organic　a11yl　sulfUr　components
are・effective　inhibit。rs・f　the　cancer　pr・cess．　Especially，　str・ng　cQrrelati。n　was　f・und
between　garlic　aゆreventi・n・f　pr・state　and　st。mach　cancers・Als。・NIH　desc・ibes
fbods　that皿aturally　contain　or　are　enriched　with　cancer－preventing　substances　as
”designer　fo・ds”　and　its　fo・d　pyramid　p玉ace　a　heavy　stress・n　garlic・
　　　　　　Quality　is・ften　defined　as　the　t・tality。f・features　relevant　t・the　ability・f　a
pr・duct　t・fulfi11　its　requirernents・Alth。ugh　the　c・ncept・f　f・・d　quality　is　c・nsisted
of　a　broader　basis　to　account’fbr　the　differe皿t　demands　of　the　manufacturer　and　the
c。nsumer，　requirements　necessary　t・satisfy　the　needs’and　expe。tati。ns・f　the
c。n、umer　must　be　placed　first　t。　c・nsider・the・f・。d　qu’≠撃奄狽凵Efthe　c・mmercial　pr・duct
These，equirements　include　safety，　sens・ry　g・・d　taste　and　nutriti・nal・　functi・nal
requirements・
　　　　　The　consumers　have　become　more　conscious　of　infbrmation　about　food　prodllcts．
They　are　n・t・nly　interested　in　the　sa偽ty・f　the　pr・ducts・but　als・in　thelr・rigin°f
ingredients，　pr・cess，　st・rage　and　handling・f　f・・ds・Especially・when　the　f・°d　is
pr。cessed，　th。　authenticity　6f　the・riginal　quality　and　pr。perties・fin耳redients　w°uld
be　considered．　These　kinds　of　qualities　could　be　controlled　by　enLsuring　the
traceability．　The　current　gr。wing　interest・f　the　c・nsumer　t・ward　the　health
impr。ving　Pr。perties・f　the　f・。d　is　based・n　the　stμdy　results　that　the　「egUla「
c・nsumpti・n・f・the　certain　f・・d　has　beneficial　effects・n　health　and　strengthens　the
3
lmmunological　defense　power　against　a　number　of　chronic　diseases．　Functional
fbods　are　defined　as　‘‘fbods　containing　significant　levels　of　biologically　active
components　that　impart　health　benefits　beyond　bas｛c　nutrition　when　consumed　in
typical　or　optimal　serving　sizes’（lnternationai　Food　Infbrmation　Counci1，1995）．　For
functional　fbods　to　deliver　their　potent量al　health　beneflts，　the　regulatory　process　is
established　to　supPort　the　health　effects　or　claims　for　the　functional　components　or　the
fbods　containing　thom．　Foods　fbr　Specified　Health　Use（FOSHU）regulatory　system
is　an　example　fbr　the　approval　of　the　specific　health　claim　fbr　the　fbod　or　the　fbod
containing　the　health　beneficial｛ngredient．　As　the　consumer　demand　fbr　fUnctional
f（）ods　has　steadily　increased，　the　more　new　product　is　created　enriched　with　functional
compounds．　Fof　instance，　the　probiotic　dairy　products　are　the　fast　grown　functional
product，　which　add　the　probiotic　bacteria　to　the　regular　fermentation　cultures　to
provide　therapeutic　benefits　such　as　modification　of　the　immune　system，　reduction　in
cholesterol，　alleviatioII　from　lactose　intolerance（1，2）．
　　　　These　nutritional　requirements　of　the　fbod　not　only　affect　to　the　fbod　quality　but
also　the　important　factor　to　influence　the　fbod　choice．　Research　reports　have　shown
that　nutritional　compositions　in　fbod　and　its　health　benefit　are　an　important　criterion
fbr　purchase　and　a　parameter　of　quality　fbr　many　consumers（3，4，5）．
　　　　Although　health　is　an　important　factor　in　food　selection，　other　factors　are　known
to　play　a　role．　The　fbod　availability　and　cultural　factors　are　recognized　as　a　domlnant
魚ctor　in　fbod　selection，　which　Ieads　to　the　habitual　consumption　of　certain　fbods　and
the　fbod　preparation，　or　restriction　of　certain　diets．　Stress　and　negative　enlotions　may
influence　fbGd　selection　and　consumption（6）．　Convenience　is　an　important　factor　in
today’s　time－oriented　society　and　the　many　ready－prepared　type　fbod　products　which
allow　consurners　to　prepare　the　meal　very　quickly（7，8）．　Other飴ctor　includes　the
price．　The　branding　of　fbod　products　is　the　most　important　asset　fbr　companies　in　the
fbod　and　bevera呂e　industry．　The　consumer　links　the　quality　of　products　to　product
brands，　which　ensures　the　origin　of　the　product　and　the　responsibility　of　manufacturer
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for　safety．　This　infユuences　the　consumer，s　choice　ofproducts　greatly（9）．
　　　　Although　these　nutritional　and　fUnctional　requirements　are　irnportant　factors　fbr
the　fbod　quality，　in　the　ind｛vidual　IeveI　of　fbod　choice，　the　sensory　requirement　is　the
most　important　factor　in　fbod　quality，　which　directly　refiects　consumer曹s　preference
（10，11）・Numerous　researches　have　shown　that　taste　is　a　key　factor　in　fbod　choice
（12，13，14）・　Perception　of　taste，　smell，　apPearance　and　texture　fbr　the　product
interacts　to　strongly　influence　preference　and　purchase　decision．
　　　　Among　the　sensory　requirement　of　the　fbod　quality，　the　flavor　larg．　ely　influences
the　marketability　of　the　product．　The　flavor　of　a　fbod　product　is　the　integrated
perception　of　a　consumer　using　both　the　senses　of　smell　and　taste．　It　is　a　large
problcm　in　the　industry　fbr　loss　or　degradation　of　desirable　flavor　or　sensory
characteristics　of　its　aroma　during　processing　or　storage．　OffLodors　is　generally
generated　by　changing　in　chemical　or　physical　properties　of　ingredients　as　a　result　of
decomposition　due　to　endogenous　enzymes，　contaminated　microbes，　chemical
oxidation，　or　other　means　of　contamination　to　produce　undesirable　flavor　compounds
（15）．　Off－odor　impaired　to　the　product　is　a　serious　problem　whioh　undermines　the
consumer　prefbrence　and　confidence　in　the　retail　produot，　and　must　be　controlled　by
employing　effective　methods．
　　　This　is　especialIy　a　probIem　in　the　development　of　functional　fbod．　In　order　to
maximize　the　health　benefits，　the　fUnctional　fbod　includes　many　nutritional
components．
　　　However，　many　functional　ingredients　possess　adverse　sensory　attributes．　For
instance，　incorporation　of　various　vitamins　or　minerals　into　final　product　can　Iead　to　an
unacceptable　flavor．　Also，　depending　on　the　manufactur董ng　process，　fUrlctionaI
ingredients　are　likely　to　change　their　physical　or　chemical　properties，　such　as
amino－carbonyl　reactions（Maillard　reaction），　which　lead　to　the　undesirable　fiavor
change．　Therefbre，　by　understanding　the　care　of　behavior　fbr　ingredients　can　be
taken　to　minimize　or　counteract　off－notes　caused　by　ingredients　in　the　final　product．
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　　　　As　consumerls　interest　in　health　benefits　of　fbod　is　grown，　development　of　the
fbod　products　with　high　and　balanced　nutritional　value　are　desired，　but　also　these
products　should　also　be　superior　in　taste，　flavor　and　texture．　All　these　requirements
add　up　to　an　ideal　concept　of　the　fbod　quality，　so　the　fbod　quality　shou亜d　not　be
evaluated　solely　on　its　nutritional　and　fUnctional　va至ue　but　also　on　its　sensory　value　the
economic　success　ofaproduct．
　　　　Unlike　the　nutritional　and　safbty　requirernent，　such　as　microbial　contamination，
which　can　be　measurable　and　controlled　by　meeti皿g．　the　requirements　during
production　and　storage，　sensory　requirelnents，　such　as　fiavor　quality　is　hard　to　quantify，
and　is　still　under　intensive　research．　The　consumer　acceptance　toward　the　aroma　of
the　product　is　als6　hard　to　predict．　It　is　critical　to　measure　the　consumer，s　aoceptance
quantitatively　fbr　the　product　to　be　successfUl　in　the　market，　without　solely　depending
on　the　subj　ective　opinion　of　the　product　developme皿t　staff．　Over　the　years，　many
investigators　have　worked　on　various　techniques　to　measUre　the　flavor　acceptability　of
food　products．　However，　there　is　still　no　convenient　technique　available　fbr
measurement　of　consumer　acceptability　besides　simple　sgnsory　eva正uation．
　　　　To　date，　many　methods　to　test　the　product　fbr　off一〇dor　have　been　developed．
The　human　nose　is　as　sensitive　as　an　instrument　and　trained　sensory　panels　can　detect
aroma　changes　in　a　sample　from　subtje　taints　to　maj　or　differences．　Therefore，
sensory　evaluation　is　currently　the　foremost　tool　fbr　odor　analysis．　Also，　since　it　is
the　method　used　by　end－users　in　the　final　assessment　ofa　product　prior　to　consumption，
it　is　the　only　method　used　in　evaluation　of　the　consumer　acceptance．　The　great
advantage　of　the　sensory　evaluation　is　to　put　a　quantitative　value　on　the　total　aroma
perceptlon，　and　analyze　the　concentration，　potency，　and　hedonic　value　of　an　aroma
（16）．
　　　　Although　sensory　evaluation　would　be　the　most　appropriate　tool　for　odor　analysis，
it　is　quite　time　consuming　and　expensive　to　repeatedly　assemble　the　sensory　panels　fbr
the　multiple　measurements　during　the　developmcnt　of　the　product．　Tho　sensGry
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panel｛sts　also　quickIy　suffbr倉om　fatigue，　and　to　conduct　an　apPropriate　evaluation
task　without　bias　is　a　difHcult　task．
　　　　Another　problem　is　the　lack　of　chemicai　infbrmatiGn．　Although　the　sensory
evaluation　provides　a　direct　Iink　between　the　flavor　profi玉e　of　the　product　and
consumer　acceptance，　it　does　not　provide　any　infbrmation　about　the　chemical
compounds　which　are　responsible　fbr　the　aroma　in　terms　of　the　volatile　chemistry．
Use　of　a　proper　ohemioal　measurement　method，　such　as　GC－MS，　can　identlfンand
quantify　the　specific　odorous　compounds　which　may　impact　the　aroma　profiIe，　and
provide　clues　to　improve　the　aroma　characteristics　of　the　developing　product．
　　　　To　ensure　the　flavor　quality　and　that　fbod　will　confbrm　to　consumer　expectations，
measurement　of　the　flavor　have　to　be　taken　in　terms　of　a　fi　avor　quality　management．
Evaluation　method　must　work　on　different　levels　and，　therefbre，　differe皿t　analytical
procedures　have　to　be　established　fbr　different　steps　of　production．　In　the　quality
control　environment，　fast　and　simple　analytical　methods　must　be　employed．　The
more　sophisticated　and　elaborated　analytical　system　must　be　taken　in　for　qualification
and　quantification　of　the　aroma　components　fbr　Research　and　Development　process．
These　different　analytical　methods　suit　their　purpose　at　d｛fferent　levels　and　contribute
to　enhancing　the　overa11　fbod　quality．
　　　　Gas　chromatography　and　mass　spectroscopy　can　be　used　to　monitor　and　ideIltifシ
compounds　and　their　concentrations　in　an　aroma　which　leads　to　the　potential　flavor
change　during　tbe　production　prooess．　Consequently，　GC　or　GσMS　analyses　are
o負en　used　in　monitoring　and　inspeotion　at　quality　control　envlronment．　In　the
product　development，　by　understanding　chemistry　of　volatile　components　in　fbods，　GC
technique　can　be　used　to　improve　flavor　charaoteristics　by　eliminating　or　masking
offLnotes　in　combination　with　masking　agents，　which　result　in　minimizirlg　the，flavor
change　caused　by　offLodor　compounds．
　　　　The　disadvantage　of　GC　or　GC－MS　analysis　is　to　find　diffzculties　in　identifying
compounds　which　contribute　to　the　recognized　aroma　or　malodor　and　to　what　extent　in
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case　of　the　complex　odors．　Also　the　sampling　of　volatiles　may　be　destructive　in
injection　into　the　instrument・
　　　　’In　recent　years，　odor　sensor（electronic　nose）instrumentatien　has　found　expanded
use　as　a　complimentary　tool　to　fill　gaps　in　flavor　or　odor　analysis　not　achieved　by　use
of　sensory　panels　and　GCIMS　techniques　in　oo1加nction．　The　electronio　odor　sensor
is　aimed　at　simulating　and　predicting　human　responses　by　characterizing　the　response
of　the　sensor　array　against　the　volatile　of　product．　Electronic　odor　sensors｝lave　a
unique　advantage　over　GC　and　MS　techniques　because　it　is　an　analytical　tech皿ique　that
samples　an　entire　aroma　rather　than　identifying　it　by　its　comprising　component（Payne
1998）．　With　use　of　the　multivariate　statistical　analysis，　the　odor　sensor　can
disoriminate　the　Sample　with　an　aroma　defect　among　the　large　number　of　samples．　It
ls　a　power劔and　faster　tool　fbr　the　aroma　or　malodor　analysis　in　the　quality　oontrol
environment，　which　can　test　odors　that　human　sensory　panel　would　not　be　willing　to．
　　　　However，　despite　advancement　ofthese　techniques，　the　human　olfaction　system　is
still　the　most　sensitive　device　available　fbr　flavor　measurement，　whioh　comprises　the
perception　of　flavor　of　the　product　when　assessing　thLe　preference　or　acceptance．
Therefbre，　it　is　sti11　critical　that　any　odor　monitoring　methods　used　in　quality　colltro正or
quality　assurance　is　correlated　odors　that　may　be　fbund　to　be　offensive　by　the　human
olfactory　system．　This　is　the　reason　that　human　sensory　paneIs　are　still　the　basis　of
＆roma　measurements　in　the　fbod　industry．　This　fact　set　the　electronic　Qdor　sensor　is
iimited　in　use　in　the　norm　of　monitoring　the　odor　deflciency　as　a　complimentary　tooI
ofthe　sensory　evaluation．　With　a　combination　of　both　instrumental　and　human　senses
to　find　the　possible　correlation　between　these　methods，　the　electronic　odor　sensor　canL
achieve　the　characterization　of　the　chemical　and　sensorial　aroma　profile．　In　an
atternpt　to　improve　the　evaluation　of　the　offodor，　the　correlation　between　the　sensor
evalu．atiorl　and　the　odorous　compounds，　and　the　human　odor　perception　sti豆l　has　to　be
investigated　fUrther　fbr　application　of　the　eleotronio　odor　sensor　as　a　quicker　and　more
reliable　too1．　Although　evaluation　of　the　odor　perception　in　hum、an　sense　is皿ot　really
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a　favor量te　subject　of　the　electronic　odor　sensor，　finding　a　corre互ation　between　the
human　perception　and　the　sensor　response　may　lead　the　way　to　develop　a　new
electronic　odor　sensor　system　which　could　predict　the　human　acceptance　based　on　the
sensor　response　to　classifンthe　odor　if　it　confbrmed　to　the　consumer’s　acceptance．　In
the　realm　of　the　flavor　evaluation，　changes　in　methodology　and　advance　of　the　new
teohnique　are　ongoing．　Evaluation　of　the　off」odor　using　a　new　electronic　odor　sensor
system　will　be　contributed　to　evaluating　the　sensory　charaoteristics　of　the　product　in
terms　of　the　product　quality　in　a　cost　and　time　effricient　manner．
　　　　In　view　of　the　above，　the　objectlve　of　this　study　is　to　develop　an　electron三c　odor
sensor　evaluation　system，　which　could　detect　the　odor　defect　and　the　predict　consumer
acceptability．　Fbr　this　purpose，　the　study　were　to　chose　the　fUnctional　lngredients，
sweet　potato　and　garlic，　which　impart　the　offLodor．　The　odor　quality　of　the　sweet
potato　and　the　garlic　in　the　production　of　the　novel　developed　fロnctional　fbod　were
evaluated．　Sweet　potato　has　a　unique　sweet　potato　flavor　when　it　is　baked．
However，　dur量ng　the　thermaI　processing，　it　was　fbund　to　alter　the　overall　aroma　by
fbrmation　of　offLodor，　which　is　highly　undesirable　to　consumers；therefbre　research　is
necessary　to　identify　the　odorous　compound　that　cause　significant　fiavor　alterations
which　has　negative　impacts　on　perceived　flaΨor　quality．　GarIic　is　also　enriched　with
the　various　nutrition　and釦nctional　eompositions　fbr　health　benefits．　However，　its
distinct　smell　and　the　oral　malodor　when　it　is　ingested　are　often　problematic．
Therefbre，　the　research　first　has　to　identify　the　odorous　compound　that　cause
significant　flavor　alterations　which　has　negative　impacts　on　perceived　flavor　through
the　instrumental　and　sensory　analysis　offlavor．
　　　　Secondly，　to　investigate　electronic　odor　sensor　systems　can　perform　effectively　in
discrirninating　between　odor　with　acceptable　and　unacceptable　vol　atile　Ievels，　the
deodorizing　effect　was　analyzed　for　the　sample　which　was　treated　with　the　deodorizing
agent．　Throughout　the　study，　relationships　to　the　electronic　odor　sensor　measurement，
the　volatile　compounds　and　the　sensory　attributes　are　sou琴ht　to　ensure　the
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measurement　of　the　off－odor　by　the　electronic　nose　in　the　selected　ingredient．
Mechanism　of　the。ff－oder　fb㎜ation　and　the　deodorization　were　investigated　to
ensure　that　the　response　of　the　electronic　odor　sensor　is　correlated　with　the　volatile
chemistry　of　odor　compounds　which　is　perceived　as　a　malodor　in　human　nose．
　　　　The　fbllowing　research　objectives　are　addressed　fbr　each　of　the　section　in　the
　　　　　　　ゆdissertatlon；
1．To　evaluate　the　headspace　volatile　components　of　model　fbod　made　by　sweet　potato
　　and　garlic．
2．To　ovaluate　the　odor　of　sweet　potato　by　sensory　evaluation　methods　and　the　relation
　　between　sensory　evaluation，　odor　sensor　and　electroencephalography．
3．To　develop　the　new　electronic　odor　sensor　system　which　could　discriminates
　　between　the　odor　with　conferming　and　without　conforming　to　the　consumer
　　acceptance・
4．To　invest量gate　the　deodorization　of　off－odor　of　rnodel　functienal　food　by　us三ng
　　physical　and　chemical　deodorants，　and　to　evaluate　the　deodorization　effect　by　using
　　the　newly　developed　electronic　odor　sensor　system．
5．Tb　test　the　ability　of　the　newly　developed　electronic　odor　sensor　system　to
accurately　classify　the　sample　as　having　either　conforming　or　non－conforming　to
　　acceptable　in　human　sense　by　measuring　the　odor　of　raw　or　heated　garlic　when　it　is
　　graded　and　i血gested．
6．To　investigate　deodorization　of　garlic－induced　oral　malodor　by　mushroom　extract，
　　and　to　evaluate　the　deodorization　effect，　comparatively　with　the　commercial
　　electronic　nose　systems，　which　discriminates　samples　in　multiple　variabie　analysis．
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Chapter　I
The　C・ncept・f伽Functi・nal　M・del　F・・d　and　Velati塵e　C・mp・nents・f　the　Model
Food　Made　by　Sweet　Potato　and　Gariic
1．The　concept　of　the　fu皿ctional　model　food
　　　　In　the　first　chapter，　as　functional　ingredients　which　contain　physiologically　active
components　with　nutritious　and　health　benefits，　sweet　potato　and　garlic　were　ohosen
and　identify　volatiles　to　determine　the　fiavor　profiIe　of　these　ingredients　through　the
volatile　compounds　detected，　which　may　contribute　to　the　off－odor　of　model　fbod．
These　ingredients　possess　a　problem　in　the　usage　as　an　1ngredient　in　processed　fbods
because　of　their　distinct　flavor．　In　our　study，　these　ingredients　were　fbund　to　be
problematic　in　development　of　fUnctional　foods　with　probiotic　value　etc．．
　　　　Widely　established　throughout　the　world，　sweet　potato　is　a　favorite　staple　of　many
cultures．　In　many　developing　countries，　it　is　now　grown　as　a　substitute　fbr　r，ice　and
corn．　In　Japan，　sweet　potatoes　used　to　be　a　stap玉e　diet　that　was　the　main　source　of
nourishment　for　Japanese　after　the　World　War　II．
　　　　Sweet　potato　is　marketed　as　an　unprocessed　vegetable．　However，　oooking，
peeling　and　cutting　fbr　proeessing　are　quite　time　consuming，　which　becomes　the　bottle
neck　fbr　consumers　or　fbod　servlces　which　prefer　the　product　typified　by　a
‘‘窒?≠р凵|to－use”　pre－prepared　　ingredient．　or　ready－to－eat”　pre－cooked　　ingredient・
AIthough　it　is　known　to　produce　the　favorabIe　sweet　potato－like　aroma　when　lt　is
baked，　when　boiled　potatoes　are　stored，　thLey　develop　an　offLflavor，　which　can　be
described　as　sweet　potato－like　odor（called‘‘Imo－shu”）in　Japanese．　This　peculiar
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　■　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　コproperty　of　off－odor　development　is　a　serious　problem　in　fbod　servlce　systems　or　In
house　cooking，　which　limits　the　use　of　sweet　potato　in　the　culinary　recipe　because　of
the　unique　odor　property　which　may　overwhelm　the　taste　quality　of　the　prepared
dishes．
　　　　R騨tly，　a　new　variety・f　sweet　p。tat・with　impr・vedβ一car。tene　c・ntent　and
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protein　qua】ity　have　been　developed　by　selective　propagation・and　the　nutritive　value
of　the　sweet　potato　gains　consurner　interest・　As　a　need　to　carry　out　value－added
activity　in　agrioultura．I　sectors　in　the　sweet　potato　production　area，　new　value－added
specialty　fbod　products　using　sweet　potato　as　an　ingredient　are　developed，　and
government　research　institutes　also　participate　in　support　of　the　development　of
value－added　fbod　products　and　micro－enterprises．　AEso，　gar互ic　has　been　reported　as　a
therapeutic　fbod，　useful　in　prevention　of　cancer．　Numerous　studies　showed　that　garlic
and　its　Grganic　allyl　sulfUr　components　are　effective　inhibitors　of　cancer　propagation．
Especially，　strong　correlation　was　fbund　between　garlic　and　prevention　ofprostate　and
stomach　cancers（1）．　Also，　NIH　describes　foods　that　naturally　contain　or　are　enriched
with　cancer－prev6nting　substances　as”designer　fbods’1　and　its　food　pyramid　place　a
heavy　stress　on　garlic．
　　　　These　evidences　refleot　a　view　of　garlic　as　a　functional　ingredient，　which　provides
nutritional　attributes　and　health－enhanoing　benefits．　As　a　fbod　ingredient，　garlic　has
long　been　popular　in　Italian，　northern　China　and　Korea．　In　the　culinary　recipe　of
these　countries，　many　dishes　include　use　of　raw　garlic，　and　garlic實s　pungent　smeU　is
well　accepted　as　a　fユavor　enhancer．　However，　cultural　aspects　or　consulnption　habits
influence　the　acceptability　of　garlic　odor　to　oonsumers　in　non－garlic　habitual　consumed
countries．　For　instance，　in　the　Japanese　cuisine，　except　certain　ethnic　dishes　such　as
Chinese　or　Korean　fbods，　garlic　is　not　a　common　ingredient．
　　　　Asmell　of　garlic　has　been　socially　frowned　upon　in　Japan，　and　strong　odor　of
garlic　is　either　dislike　or　un　fam　i1　iar　with　Japanese　consumer，　despite　the　rise　of
understanding　in　its　health　benefit．　In　view　of　above，　thc　author　developed　a　novel
yogurt　like　product　utilizing　the　rich　carbohydrate　property⑪fL　sweet　potato．　Account
into　the　fact　that　the　distinct　fiavor　of　sweet　potato　and　garlic　limits　the　development　of
new　product　or　dishes　in　oommercial　market，　development　ofthe　functional　food　using
these　foods　as　main　ingredients　could　add　new　value　on　its　use　and　the　Iocal　enterprise
where　demands　fbr　use　of　local　specialty　fbods　steadily　increase．　The　deve正⑪ped
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product　was　comprised　of　sweet　potato　as　a　main　ingredienちinoculated　to　fbrm　a
yogurt　derived　solely　from　enzymatic　transfbrmation　of　sweet　potato　starch．　This
product　is　expected　to　possess　probiot量c　properties　and　other　health　bene｛…cial
properties　of　garllc．　The　challenge　encountered　ln　development　was　to　minimize　the
（iistinct　f正avor　of　garlic　and　sweet　potato　in　saccharification　process．
　　　　The　aim　of　the　first　chapter　is　to　identify　and　quanti　fy　the　compounds　which　are
respons量ble　fbr　the　characteristic　odors　of　sweet　potato　and　garlic，　and　then　find
possible　meohanism　of　off－odor　formatien　fbr　selection　of　masking　agent　which　wilI
efficiently　eliminate　the　ide皿tified　odorous　compounds．
1）Preparation　of　model　fbod
　　　　The　model　fbod　is　as　fbllows．　Sweet　potato　cultivar”Benihayate”containing
high　amount　ofβ一carotene　is　raw　material　and　garlic　which　is　the　top　on　the　list　of
anti－cancer　in　the　American　Cancer　Association　amo皿g　the　vegotables，　is　auxiliary
rnateriaL　The　mixture　is　fermented　by　probiotic　Iactic　acid　bacteria．　The　final
product　possesses　functionality　promoting　our　health．　The　heat－treated　sweet　potato
and　garlic　are　used　as　a　representation　ofunpleasant　odor．
2．Volatile　components　i皿the　mode1　fe⑪d　made　from　sweet　potato　a皿d　gar董ic
1）Volatile　components　a皿d　off－odor　components　of　sweet　potato
　　　　Sweet　potato　produces　a　pleasant　aroma　when　baked．　Various　studies　have　been
conducted　to　identifシand　quantify　the　voIatile　organic　compounds　in　baked　sweet
potato（2，3，4）．　Some　other　odor－related　compounds　have　also　been　identified．　Tiu
et　al．　have　studied　the　contribution　of　so血e　volatile　compounds　to　sweet　potato　aroma
and　identified　individua］sweet　potato　cultivars　on　the　basis　of　27ΨoIati］es　by　using
gas　chromatograms　of　each　cultivar，　and　fbund　the　difference　between　cu【tivars　of
good　or　poor　flavor（5）．　Sun　et　aL　fbund　that　maltol　is　a　key　component　of
characteristic　aroma　of　baked　sweet　potato，　and　is　produced　through　MalUard　reaction，
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ca「amelizati・n・and　Strecker　degradati。n，　which　are　the　m・st　c・mm。n　mechanisms　ln
　　the　th　erm　al　Iy　induced　synthes｛s　of　aroma　vo｝atiles（6）．
　　　　　　Owing　t・its　unique　health　benefit　and・d・r　pr・perty，　sweet　p。tat。　serves　as　a
P°tential　functi・nal　f・・d　ingredient　in　vari。us　f・・d　apPlicati。ns．　ln　this　chapter，
　functional　juice　using‘‘Be皿ihayatげ’sweet　potato　has　been　studied．　Benihayato　is　a
sweet　p°tat°cultiva「・that　resembles　carr・t　in。・1・r，・d・r　andβ一car・tene　c。ntent（7）．
β一ca「°tene・independent・f　its　r・le董n　the　f・rmati・n・fvitamin　A，　is　anti－car。in。genic
as　evidenced　by　its　e伽tiveness　in　the　treatment　and　management。f　cancer　at
diffe「ent　sites　in　several　different　cancer　m・del　systems，　using　different　inducing
agents（8）in　different　animal　species・During　the　devel・pment。f釦ncti。nal　sweet
　　　　　　　　る　　　　　P°tat°』ulce・「°。ts　qf　Benihayat・are　steamed　by　stepwise　heating，　mashed　t。
h°m°geneity・and　then　saccharified　with　amylase．　H・wever，　after　b。iling　and
saccharificati。n　the　mashed　juice　devel。pes　a　heavy　unapPetizing。d。r，　unlike　the
f「ag「ant　a・・ma・f　baked　sweet　p・tat・・T・supPress　this　st・・ng　b。il6d。d。，，　mashed
　　　　　　　　　　　　■　　　　　ロsweet　potato　j　ujce　is　then　supplemented　with　other　ingredients．
　　　　　Since　b。ilingin　sweet　p・tat・juice　p・・ducti。n・esults　in　P・tential曲d。r，　it　can
P°ssibly　be　a　b・ttleneck　in　the　devel・pment。f　an　attractive　functi。nal　f・。d　using
Benihayato　as　an　ingredient．
　　　　　Alth。ugh　there　a・e　many　available　rep・・ts・n　bak・d・weet　p。tat。，　there　are　n。
published　re卿s・n　the　v・latile　c・mp・unds・fb。量led　sweet　p・tat・．　Since　steaming
P「°cedures　are　utilized　du・ing　the　manu飴cture・f　sweet　p・tat・－based　f・。d　pr。ducts，
including　the　P・epa・ati・n・f・functi。nal　sweet　P・tat・drinks，　it量s　imp。，tant　t。　evaluate
the　na加re・f　v・latile　c・mp・unds　resp・nsible　f・r　the　fiav…fsweet　p。tat。　and　t。
elucidate　the　mechanism・inv・lved　in　th・f・・mati・n・f　these　c・mp。unds　a、　a，esult。f
steami皿9，
　　　　Ou・main・bjective　in　this　chapter　is　t・cla・ify　the。d。r　characteristics　and　the
diffe・ence・f・d・r　between・aw　and　heated－sac。harified　sweet　p・tat。es．　The　identity
°fthe　v・latile　c・mp・nents　is　investigated　by　gas　ch・。mat・graphy（GC）and　gas
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chromatography－mass　spectrometry（GC－MS）．　In　addition　to　the　mechanism　of　the
fbrm就ion　of　volatile　compounds，　the　odor　impact　of　each　volati蚤e　component　is
discussed　by　evaluating　the　influence　of　each　component　on　tota藍odor　characteristic　of
sweet　potato・
2）Vo墨a重i雪e　compone皿ts　and　off－odor　compenents　of　garlie
　　　　Garlic（Allium　sativum　L．）is　widely　used　in　the　various　fbod　recipes　fbr　its　unique
fiavor　and　nutrition．　｝lowever，　garlic　is　also　the　cause　of　malodor⑪us－smell　after
ingestion．　Studies　have　shown　that　various　suIfUr　substances　of　garlic　are　the　main
cause　of　malodor（9，10，11，12）．　The　principal　components　of　malodor　detected　by
the　human　nose　are　hydrogen　sulfide，　methyl　sulfides，　dimethy］sulfide　and　allyl
suHfide　compounds．　In　particular　allyl　sulfide　compounds　are　detocted　in　breath　after
garllc　ingestion（13）．　These　mercaptan　compounds　have　a　strong　dlsagreeable　smell
in　huma痴ose　but　it　is　exporientially㎞own　that　heat－treated　garl三c　odor　is　not　as
strong　as　raw　garlic　odor　and　breath　after　eating　heat－treated　garlic　is　not　as　strong　as
after　eating　raw　garlic．　Studies　have　also　shown　that　there　is　a　difference　in　the
amount　of　volatile　compounds　in　heat－treated　garlic　and　fresh　garlic．　In　this　study，　I
studied　the　change　in　the　odor　characteristic　of　garlic　and　volatiles　released　from
in－vivo　and　in－vitro　samples　were　identified　by　GC　and　GC－MS．
3．Materials　and　methods
1）Vb韮atile　components　and　eff一〇dor　components　of　sweet　potato・
　　（1）Material　of　sweet　potato
　　　　The　raw　sweet　potato　cultjvar‘‘Benihayato，，，　cultivated　in　Kagoshima，　Japan，　and
harvested　in　October　of　2004，　was　used　in　this　study．　The　raw　tubers　of　this　cultlvar
contained　8　mg　ofβ一carotene　per　l　OOg　wet　weight．
　　（2）Preparation　of　sweet　potato　j　uice
　　　　Raw　sweet　potato　juice　was　prepared　as　follows．　One　kg　of　sweet　potato　was
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shredded　without　peeling　and　added　to　1．81itter　of　water・　This　preparation　was
homogenized　fbr　30　sec　by　using　a　macerator・　The　resulting　slurry　was　placed　in　a　3
1itter　flask．　For　the　preparation　of　heatod　sweet　potato　juice，　l　kg　of　sweet　potato
was　steamed　by　stepwise　heating（at　60－65°C　f。・3・5　hrs　and　at　100°C£・r　l　hr）・
To　this　preparation　1．81itter　of　water　and　5・09　ofα一amylase（Uniase　BM－8・with　a
specific　activity　of　about　80，000u／g）were　added，　and　potato　mixture　was　incubated
for　3　hrs　under　warm　conditions（60°C）．　Then　5．Og　ofβ一amylase（Uniase　L，
with　a　specific　activlty　of　about　80，000u／g）was　added　to　partialIy　hydrolyze　starch
and　incubated　at　55°C　for　l　hr．　A負er　the　inoubation　50g　of　glucoamylase
（Uniase　30，　with　a　specific　aotivity　of　about　80，000u／g）was　added　to　the
preparati・n．　The　mixture　was　incubated　at　55°C　f・r　l　hr・B。th　samples　were
cooled　to　room　temperature，　separated　into　smaller　beakers　and　wrapped　in
aluminum　foiL　In　addition，100g　each　of　raw　sarnples　and　heated　juices　was　used
fbr　GC－MS．
　　（3）Therma匪desorption　cold　trap（TCT）a皿劉lysis
　　　　The　volatiIes　of　2　juices　were　concentrated　and　t臓pped　in　Tenax　TA　adsorbent　tubes
by　sparging　with　nit・・gen　gas（N・）at　a　rate・f　80　ml／min　and　heating　at　50°C　f・r　60　min・
Each　Tenax　tube　was　placed　in　the　heating　bl・ck・faTCT　inject・r・and　heated　t。220°C　t。
desorb　the　volatlIes．　The　desorbed　volatiles　were　inj　ected　into　GC　mass　spectrometers
thr・ugh　a　TCT鵬t・r，　and　t・tal・i。n　chr・mat・grams　were・btained・The　TCT　c・nditi。ns
aLre　as　folIows．　Apparatus：CHR．OMPACK　Company，　rod　temperature；220°C，
des。甲tio㎡cold脚material；silica　mega　bore　column。f　tpO．53mm，　pre－c。01　time；2min，
cold　trap　tempera加re；－130°C，　doso］哩）tion　oven　temperature；20⑪゜C，　desorption　ti　me；1min，
inj　ection　temperature；200°C，昌injection　time；Imin．
　　（4）GC－MS　oonditions
　　　　The　GC－MS　conditions　are　as　fbllows．　Apparatus；GC　Hewlett－Packard　ModeI
6890，MS　Hewlett－Packard　Model　5973，　column　temperature；40°C　fbr　10　min，　and
P・・grammed　inc・ease　fr。m　40°C　t・200°C　at　5°C／min，　c・1umnゆsed－silica　capillary
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column（GL　Science，　TC－WAX）of　O．32　mmx60　m，　and　O．25μm　film　thickness，　carrier
gas；He（50　KPa），1・n　s。u・ce　temperature；230°C・MS　transfer・line；220°C　in　El　m・de
（70eV），　scan　range；m／z　35－600．
　　　　Vblatiles　were　detected　in　the　headspace　of　the　samples．　These　compounds　were
measured　in　the　scan　nlode．　The　measured　mass　spectra　were　compared　with　a　library
of　commercially　available　mass　spectra　and　identified（i・e・Wiley　275）・
2）Volatile　compone皿ts　and　off－odor　components　of　garlic
　　（1）Material　of　garlic
　　　　The　raw　garlic，　cultivated　in　Aomori，　Japan，　and　harvested　in　2004，　was　used　in
this　study．
　　（2）GC　analysis
　　　a・Ana匪ytic劉l　co皿d韮tions
　　　　The　identities　of　sulfur－containing　gases　fbr　in－vivo　and　in－vitro　sarnples　were
established　by　using　GC　and　GC－MS　spectrometry．　As　a　standard　reagent　fbr　GC
analysis，　the　fbllowing　chemicals　were　used　as　standard　reagents　for　the　GC　analysis：
methanethiol，　dimethyI　sulfide　and　dimethyl　disulfide（Wako　Pure　Chemical　Industries，
Osaka，　Japan），　a｝1ylthiol　and　methyl　propyl　disulfide（Aldrich　Chemical　Co．　Inc，　USA），
allyl　methyl　sulfide　and　diallyl　disulfide（Tokyo　Kasei　Organic　Chemicals，　Tokyo，
Japan）．
　　　　The　gas　chromatograph（Shimadzu　GC，14B）conditions　were　as　follows．　PPE　5
ring　10％，3．2mm　x　3．lm　glass　c。lumn，　temperature・pr・9rammed　fr。m　65°C　f・r　3　min
to　170°C　at　30°C／min，　the　detector　was　an　FPD（140°C）and　the　carrier　gas　was　N2
（55ml／min）．
　　　　The　Gc－Ms　conditions　were　as　fbllows．　Gc－Ms（Shimadzu　Gc－Ms　QP　looo）
had　a　fUsed－silica　oapillary　column　（Supelco　SPB－1），032mm　x　30m　glass，
temperature　programmed　from　60°C　to　170°C　at　30°C／min　and　held　at　l　70°C　fbr　2　min，
carrie・gas　was　He（2ml／min），　El　m・de・was・at・70eV，・the　s。u・ce　temperature　was　l80°C
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and　GC－MS　interface　temperature　was　250°C．
　　　b．1皿一vi重ro　test
　　　　Three　grams　respecti・vely　of　raw　and　heated－garlic　were　crushed　by　apP重ying
pressure　with　a　sp・。n・The　heated－garlic　was　prepared　by　heating　f・r　l　min　in
microwave　oven．　0．2g　of　eaoh　sample　was　transferred　into　a　125ml　vial　which　was
sealed　tightly，　then　kept　in　a　c・ntainer　temperature　maintained　at　23°C　and　then　lml・f
head　space　gas　was　removed　from　the　vial　for　analysis．
　　　C．In＿vivo　test
　　　　One　healthy　subject（Japanese　female，　age　l　9yrs）with　no　malodor　took　part量n
this　stud）へ　The　subject　had　not　ingested　any　garlic　fbr　24　hrs　befbre　the　study．　The
basic　study　consisted　of　two　treatme皿t　periods；en　one　day　the　subject　chewed　and　then
swall・wed　19・f　raw　garlic　and　measurements　were　caπied・ut・ver　the　next　2　hrs・
The　next　day　the　breath　of　a　subject　was　measured　over　2　hrs　period　after　ingesting　l　g
。f　heated－garlic．　The　breath・f　a　subj　ect　was　c・Uect・d　in　syringes　f・ll・wing　the
method　described　by　Aoki（14）．　Samples　were　coUected　immediately　before　garUc
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　consumption　and　th、en　immediate里y　after　garlic　consumptlon．
4，Results　and　dlscussion
1）Vbl訊tile　c・mp・nents　and・ff－・d・r　c・mp・nents・f　sweet　p°tat⑰
　　（1）0▽era11　aroma　difference
　　　　The　representativ。　t・tal　i・n　chr・mat・grams・fv・latiles丘・m　samples　in　this　study
are　sh。㎜in　Figure　l．　The　v・latiles　identi丘ed倉・m　raw　and　heated－sacchari負ed
sweet　p・tat・juices　were　tabulated　with　the　relative　pr・P・並i・n・f　each　c。mp・und
（Table　3）．　Tbe　t・tal　numbers。f。d・・c・mp・nents　d・tected　by　GC－MS　were　26　in　the
raw　sweet　potato　juice，　and　42　in　the　heated－saccharified　sweet　potato　juice・　It
apPears　that　relative　leve1・・f　the　maj・rity・f　the　c・mp・unds　in　the釦rme・are　als・
la，ge，　than　the　la杜eL　These　suggest　that　the・verall・d。r　intensity　f・r　the
heated－saccharified　juice　significantly　increased，　as　a　result・f　the　increase｛n　the
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Ievels　of　all　the　compounds　after　treatment．
　　　　Among　the　compounds　detected　and　tentatively　identified　in　this　study，　the
majority　ofthe　voiatiles　that　showed　an　increase　in　the　heated－saccharified　sweet
potato　vapor　and　associated　with　its　sensory　profile　are　aldehydes　and　ketones
such　as　acetaldehyde，β一damascenone　andβ一ionono，　terpenoids　such　as　linalool，
limonene，　a．terpinene，　cymene，　andβ一cyclocitral，　furans　and　pyrans　such　as
2－pentylfUran，　fUrfural　and　2－methylbenzofuran・　On　the　other　hand，　aldehydes　of
high　molecu豆ar　weight　such　as　2，3－butanedio皿e，　benzaldehyde，2，4－decadienal，
phenylacetaldehyde，　3－ethy1－2－methyl－1，3－hexadiene，　2－octenal，　1－octene－3－01
2－nonenal　and　hexanal　were　identified　in　higher　amounts　in　raw　sweet　potato　juice．
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Figure　lTotal　ion　chromatograms　of　raw　sweet　potato（upper　chart）and　heated
sweet　potato　j　uice（lower　chart）obtained　by　GC－MS　　　　　　’
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　　　　Vb1atiIe　compollnds　in　Table　l　are　cGrresponding　to　those　characterized　by
GC－MS　in　Figure　l．　The　analytical　condltions　were　described　in　the　text．　Values
are　expressed　in　peak　height　of　total　ion　chromatograms．
　　　　Peak　identif1cation　numbers　correspond　to　compounds　listed　in　Table　L　These
volatile　colnpounds　were　characterized　by　GσMS　under　the　analytical　conditions
described　in　the　text．　Volatiles　fractionated　using　the　TC－WAX　coated　60mxO32mm
fUsed－silica　cap量Ilary　are　described　in　the　text．　The　relative　concentrations　of　rnost　of
the　compounds　markedly　increased　afセer　the　treatment．
Table　lCompariSon　of　the　concentrations　of　individual　volatile　components　in
headspace　of・volatiles　from　raw　and　heated　sweet　potato　juices
Peak　NoCompound 　　Peak　height
．Raw　　Heated
Pentane
Acetaldehyde
2－Mothylpropanal
Acetone
Ethyl　acetate
2－Butanone
2－Methylbutana1
3－Methylbutanal
Ethanol
2，3－Butanedione（Diacetyl）
Toluene
2－Butenal
2－Methyl－3－buten－2－oI
Hexanal
a－Terpinene
p－Mentha－1，8－diene（LimGnene）
2－PentylfUran
Isopropyltoluene（Cymene）
PentanoI
Cyclohexanone
1－Octen－3隔one
06　
20
71844
0／0ーユ4｛Jくぜ
2，2，6－TrimethylcyoIohexanone
2－HeptenaI
6－Methyl－5－hepten－2－one
Hexano正
Nonanal
3，5，5－Trimethyl－2－cyclohexen－1－one
3－Ethy1－2－methyl－1，3－hexadiene
2＿Octenal
IsopropenyltoIuene
I，2，3，4－Tetrahydro－1，1，6－trimethylnaphtalene
l＿Octen－3－ol
2，4－1｛eptadienal
Furfural
2－Ethylhexanol
DecanaI
Benzaldehyde
2－Nonenal
3，7－Dimethyl－1，6－octadien－3－01（Linalool）
2－Methylbenzofbran
β一Cyclocitral
Phenylacetaldehyde（Benzeneacetaldehyde）
2，4－Nonadienal
Naphthalene
2，4－Deoadiona1
（1R）－6，6－Dimethylbicyclo［3，1，1】hept－2－ene－2－methanol
（Myrteno1）　　　　　　　　　　　　　　　　　15・9
2，4－Deoadiena1　　　　　　　　　　　　　　　　　　　　44．8
2，6，6－TrimethyM，3－cyclohexadienyl－1－propenylketo皿e
（β一Damascenone）　　　　　　　　　　　　　　　　　　＜5
Gerany　lacetone　　　　　　　　　　　　　　　　　　　＜5
2，6－di－tert－butyl－p－cresol（BHT）　　　　　　　　　　　＜5　．
β一1・n。ne　　　　　　　　　　＜5
！OfJ42αJqJ
82．6
59．2
43．9
33．5
　　（2）Aldehydes　and　alcobols
　　　　Numerically，　aldehydes　were　thc　main　compounds　identlfied　in　both　sweet
potato　juice　samples．　In　this　stUdy，　the　heated－sacchari負ed　sweet　potato　juice　showed　a
large　quantity。r　a　smal1　quantity　in　the　levels・f　aidehyde・dep・nding・n　their　fUncti。nal
type　t・c・mpare　with　raw　sweet　p・tat・．　Alth・ugh　the　levels・f　l・w　m・lecular　weight
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aldehydes　such　as　acetaldehyde　showed　a　large　trend，　those　of　aromatic　aldehydes　such　as
benzaldehyde　and　pheny｝acetaldehyde，　along　with　C6　aldehydes，　such　as　hexanal　and
2－heptana1，　and　other　high　molecular　weight　compounds　suoh　as　2，4－decadienal，
2，4－hepta・d　iena1，2－octonal　and　2－nonenal，　that　were　present　in　higher　proportions　in　the　raw
sweet　potato　juice，　showed　a　sma亘l　trend　in　the　heated　sweet　potato　ju董ce．
　　　　C6　and　high　molecular　weight　aldehydes　are　derived　from　fatty　acid　decomposition
and　fbund　at　higher　Ievels　in　the　hornogenates　of　fruits．　Buttery　et　al．　have　shown　that
lipid－derived　volatile　aldehydes　such　as　cis－3－hexena1，　which　are　present　at　low　leveIs　in
intact　tomatoes，　rapidly　inorease　in　Ievel　after　homogenization（15）．　This　mechanlsm　is
proved　to　involve　enzyme（lipoxygenase　and　hydroperoxy　trienoic　acid　lyase＞catalyzed
oxidative　processeS，　which　cont㎡bute　to　lipid　degradation　in　fatty　acid　substrates．　Since
the　lipoxygenase　activity　in　tomato　has　been　reported　in　both　membranous　and　soluble
portions（16），　it　may　lead　to　enhanced　lipoxidation　during　homogenization　of　tomato．
　　　　Sweet　potato　contains　a　higher　amount　of　lipid　oxygenation－reIatcd　enzymes（17）．
Since　the　skin　was　not　discarded　（during　homogenization）　while　preparing
heated－saccharified　sweet　potato　juice，　it　is　likely　that　the　enzymes　and　polyunsaturated
fatty　acids　present　ln　the　skin　account　fbr　higher　Ievels　of　aldehyde　products　in　raw　sweet
potato　juice．　Thus，　it　is　pessible　that　boiling　influenced　the　time　over　which　the　enzymes
were　activated　and　subsequently　yielded　lower　leveis　of　lipid　degradation　products　in
heated－saccharified　sweet　potato　juice．
　　　　Aldehydes　are　important　odor三mpact　compounds．　C600mpounds　such　as
hexanal，（E）－2－hexenal　and（Z）－3－hexenal，　contribute　markedly　to　the　green　note　of　the
aroma（18，19，20）．　In　our　experiment，　the　amount　of　hexanal　decreased　because　of
boiling．　They　also　showed　that　significant　decrease　in　the　intensity　of　aroma　profi亘e
fbr　green　note　in　heated－saccharified　sweet　potato　juice，　wh三ch　may　be　related　to　the
loss。f　C6　aldehydes．
　　　　Areduction　in　the　level　of　aroma　compounds　such　as　C6　compounds　and　high
molecular　weight　compounds　may　result　in　the　loss　of　green　odor　in　heated　sweet
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potato　juice　and　contribute　to　the　predomlnance　of　other　odor　compounds　in　odor
profile　of　heated－saccharified　sweet　potato　juice，　which　in　turn　may　result　in　a　higher
degree　of　offodor　in　heated－saochari　fied　sweet　potato　juice
　　　　Alcohols　were　also　identified　in　both　samples．　Interestingly，　note　that　the　level
of　alcohols　with　6　carbon　atoms，　such　as　hexanol，　decreased　in　heated－saccharified
sweet　potato　juice．　C6　alcohol　is　also　responsible　fbr　the　herbaoeous　odor　of　severa豆
fruits（21），　and　tbus　such　a　decrease　may　contribute　to　the　loss　of　green　aroma　of
heated－sacoharified　sweet　potato．
　　（3）Ketone　comPOIInds
　　　　Adistinctive　increase　in　the　levels　of　ketones　was　observed　after　boiling．
The　relativeIy　higher　proportions　of　acetone，　β一ionone，　β一damascenone，
2－hydroxy－2，6，6－trimethyl－cyc】ohexanone　in　heated　sweet　potato　juice　can　be
expiained　byβ一carotene　oxidative　mechanism，　whlch　may　contribute　to　the
enhanced　sweet　aroma　of　heated－saccharifled　sweet　potato　juice．
　　　　β一carotene　acts　as　a　precursor　that　fbrmsβ一damacenone　via　enzymatic　and
喚o解nzymatic　pathways　such　as　thermal　degradation（22，23）．　In　other　fbod　systems
containingβ一carotene，　the　oxidative　degradation　ofβ一carotene　also　fbrrns　a　mlxture　of
β一ionone，β一damacenone，2－hydroxy－2，6，6－trimethyl－cyclohexanone（24），　p－cyclocitraI
（25）and　acetone（26）．
　　　　‘‘Benihayato”　tubers　have　been　fbund　to　contain　8mg　ofβ一carote皿e　per　l　OOg（wet
basls），　which　is　as　rnuch　maj　or　component　as　that　in　carrot，　and　it　is　assurned　that
β一carotene　oxidative　mechanism　results　in　the　produotion　of　these　compounds．
Certain　ketones，　such　asβ一ionone，2β一butanedione，　and　geranyl　acetone，　possess　a
sweet　fioral　aroma　and　may　add　a　sweet　floral　note　to　the　total　sweet　profile　of
heated－saccharified　potato　juice．　An，　increase　ln．　the　level　of　these　compounds　in
considerable　amounts　in　heated－saccharif了ed　sweet　potato　juice，　may　refiects　the　result
of　the　sensory　evaluation　ofhigh　intensity　of　sweet　aroma．　AIthoughβ一damascenone
possesses　a　heavy　floral　aroma　and　contribute　to　the　floral　note，　owlng　to　its　strontL
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odor　intensity　and　low　threshold（threshold　in　water：0．2ng／litter）（27），　it　has　often
been　considered　to　contribute　to　the　overaH　offLflavor（28，29）．
　　　　Although　it　is　widely　known　that　vegetables　containing　hlghβ一carotene　content
emit　a　distinct　carroトlike　odor　when　bruised，　the　reason　behind　this　remai皿s　to　be
elucidated．　Although　the　association　with　the　smell　produced　andβ．carotene
breakdown　is　not　yet　known，　it　is　possible　that　an　oxidative　carotenold　is　involved　in
the　production　of　aroma　compounds．　Because　such　aroma　compounds　have　not　been
identified　in　this　study，　fUrther　studies　are　needed　to　identifンthese　compounds，
　　　（4）Terpe皿o量ds
　　　　　In　this　study，　the　levels　of　linaloo1，　Iimonene，　a－terpinene，　cymene，　and
β．cyclocitral　increased　after　heating（Table　D．　From　this　result　for　terpenoids，　the
fbllowing　scheme　of　terpenoid　synthesis　is　proposed（Fig　2）．　From　liberated
monoterpenes　such　as　geraniol　l　and　nerol　3，　the　corresponding　allylic　cationic
species　2　and　4，　r¢speotively，　are　fbrmed　by　dehydration，　at　a　boiling　temperature　of
about　lOO°C　and　the　presence　of　an　acidic　pherlo重（量．e．2，6－di－tert・－butyl－p－cresol，
Table　3），正eads　to　the　fbrmation　of　an　identical　cationic　species　5，　whose　reactlon　with
water　furnishes　linalool　6．　On　the　other　hand，　cation　4　with　Z－stereochemistry
undergoes　cyclization，　which　through　different　deprotonation　pathways　ls　converted
to　limonene　8（by　elimination　of　Ha）and　a－terpinene　9（by　elimination　of　Hc　after　Hb
migration，　or　by　elimination　of　Hb　fbllowed　by　isomorization），　the　latter　of　which　is
負1rther　converted　to　cyme皿e　10by　aromatization　with　the　loss　of　a　H2　molecule．
　　　　In　general，　monoterpene　hydrocarborls　and　oxygenated　monoterp6nes　tend　to　give
asweet　aroma　in　the　total　aroma　quality　due　to　their　higher　volatillty　and　pola．rity．
‘‘hmo－Shochq”，　a　traditional　Japanese　spirits　from　fermented　sweet　potatoes，　has　a
pleasant　sweet　potato　flavor．　Ohta　et　al．　reported　that　geraniol，　nerol，1ina重ool，
citronerol　and　terpeneol　contribute　to　the　distinctive　flavor　of　sweet　potato　distillates
with　a　pleasant　fruity　and　floral　srnell（30）．　They　fbund　that　monoterpene　alcohols，
which　are　precursor　compounds　in　their　gIycoside　forms　ln　sweet　potato，　are　liberated
24
by　enzymatic　hydrolysis　whe且sweet　potatoes　is　blended，　and　geraniol　and　nerol　are
producedl@duri皿g　fermentation．　Through　distillatio皿，　these　aloohols　are　fhrther
converted　to　Iinalool　a皿d　h皿onene　at　high　temperature　under　acidic　condition，　and
contribute　to　the　distinctive　aroma　profile　of　sweet　potato　distilled　alooho玉．　in　our
sensory　evaluation，　a　higher血tensity　of　the　sweet　note　was　suggested　for　the
heated－saocharified　sweet　potato　juice．　The　characteristics　of　the　standard　of
terpenoids　found　by　GC・MS　are　described　as　follows：benzaldehyde，　a且aroma　like　that
Gf　bitter　almo皿d；linalool，　lemo皿a皿d　rose－likel　andβ一cyclecitra1，　camphor　and
cereal－husk－like　aroma．　Therefbre，　the　high　proportion　of　these　compounds　fbund　in
heated－saccharified　sweet　potato　vapor　could　be　associated　with　the‘‘sweet”aroma　of
heated－saccharif五ed』sweet　potato　j　uiGe，
　　　　Geraniol　l　a皿d　nerol　3，　the　correspo皿di皿g　allylic　cationic　speoies　2　and　4，
respectively，　were　fbrmed　by　dehydratio血，　leading　to　the　iden丘cal　cationic　species　5，
whese　reactio皿with　water　fu皿ished　linalool　6．　0皿the　other　hand，　cation　4　with
Z－stereochemistry　u皿derwe皿t　cyoliZation，　which　止rough』diffb祀nt　deprotonation
pathways，　js　co皿verted　to　limo皿e皿e　8　a皿dα一terpine皿e　9，　the　latter　of　which　was　fUrther
co皿verted　to　cyme皿e　10．
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Figure　2　Pr・P・sed　mech皿is曲・f・r皿a廿・且・fte脚・ids　via血terc・nversi・n・f
　　　　’　　　　　　terpenes　during　boii血9・
　　　（5）Pyra皿s　and　furans
　　　　Only　three　fu・an　and　pyr皿c・mp・unds　namely，2－pent蜘an・舳ral　and
2－me山yl　be皿z。fUran，　were　ide皿丘且ed血血is　stUdy・2－Pen㈱・an　and　fUiftiral　tended
　　　　to　increase　i血the　heated－saccharified　sweet　potato　juice．
　　　　It　has　been卿・rted　that　baked　sweet　P・tat。　c・ntains　vari・us細a鵬and　pyr榔
（2），　which　are　fermed　via　Maillard　reacti・n・r㈱血elizati・且（31・32）・The　basfc
　　　’　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ロ
c・nstitue皿ts・f　sweet　p・tat。　such　as　sugars，　ami皿。　acids．and　fatty　acids　act　as皿別血
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prec肛sors　ofΨ01atiles，　and　are孟ater　hydrolyzed　during　baking　to　fbrm　pyrans　and
furans．　Among　various　fUran　derivatives　i皿baked　sweet　potato　volatiles，　both皿alto　l
and血rfUral　are　the　final　compounds　produoed　via　amino－carbonyl　Teaotions，　In
particular，　maltol　has　bee皿reported　to　be　the　potent　aroma　imp　aot　compound　of　baked
sweet　potato．　Sun　et　al．　reported　that　a　se皿sory　panel　desoribed　the　aroma　of　a　baked
sweet　potato　volatile　fraction　with　maltol　as　a　sweet　potato－like　aroma　but　firactions
without　malto1　as　a　caramel－1ike　aro皿a（23）．
　　　　In　our　experiment，　the　results　of　the　sensory　a皿alysis　showed　a　higher　intensity
fbr　heavily　boiled　odor　and　a　lower　intensity　for　the　sweet　aroma　in
heated－sacchari丘ed　sweet　potato　juice，　which重ndioates　that　off－fiavor　was　more
predominant　after　heating　a皿d　saocharificatio皿processes．　Furfura重，　but皿ot　maltol，
　　　　　　　　　　　　　　　　　　　　げwas　detected　in　the　heated－saccharified　sweet　potato　juice．　This　may　explain　why　thc
heated－saccharified　sweet　potato　juice　was　perceived　to　have　an　u且pleasa丑t　odor
instead　of　a　sweet　potato－1ike　aroma．
　　　　The　reason　f血rfural　but　not　maltol　was　fbrmed　during　oondition　is　linked　to　the
temperature　differe皿ce　between　the　heated－saccharified　sweet　potato　juice　production
（wherein　．　temp　eratUre　normally　does皿ot　exceed　I　OO°C）a皿d　baked　sweet　potato　juioe
production　（wherein　temperature　normally　exceeds　200℃）（Figures　3　and　4）．
Fu血ral　is　formed　accordmg　to　the　fbllowing　scheme：AIdehyde　1，　in　the　form　of　an
acyclic　pentose　isomer　reaots　with　an　amino　aoid　to　produce　imine　2，　which　after
isomerizatio皿forms　enamine　3．　Enamine　3　after　dehydration　fomls　alkenyl　imine　4．
The　hydrolysis　6f　the　imi皿e　part，　and　a　second　dehydrat｛on　from　the　resultant
interl皿edi　ate　5　enal）les　the．’format｛on　of　dihydrofuran　6，　and　then　after　a　third
dehydration．　the　final　materia1，　furfura王7is　fb働ed．　Howover，　malto董under　the
heated．saccharifie　d　condition　is　hardly　synthesized　due　to　low　conversion　feasibility　of
intormediate食om　4　to　5．　Although　the　hydrolysis　of　4　in　fUrfUural　formation　ls
considered　to　readily　ooour　on　the　basis　of　generally　low　stability　of　imines　in　under
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aqueous　heating　co皿ditions，｛血e　C－N　bo皿d　cleavage　of　4溢maltel　formation　may　be
disfavored　due　to　high　nuoleophilicity　of　ami皿o　group　that　renders　the　C－N　bond　less
pro皿e　to　disconnection　under　boi1血g　conditions　at　about　100°C（Fig・4）・
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　　　　　　　　　　Figure　3　　Proposed　mechanism　of　fUrfhr年1　for皿ation　duri皿g　boiling．
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Proposed　mechanis皿of　maltol　formation　during　baking
28
　　　　Condensatio皿with　an　amino　acid　l　followed　by　th．e　isomerizatio皿of　21eads　to　the
fbr皿ation　of　e皿amine　3．　The　dehydration　of　enamine　3　converts　it　to　allylamine　4．
Further　re　moval　of　the　amine　part　and　the　cyclization　of　4　and　5　co皿verts　allylam血e　4
to　the　six－membered　compou皿d　6，　whioh　upo皿two　cGnsecutive　isomerizations　of　7　and
81eads　to皿laltol　g　f（）rma穫o皿．
　　2｝Volatile　components　a皿d　off－odor　cempenents　of　garlic
　　　　（1）ln－v鴛ro　test
　　　　The　identities　ef　sulfur－co皿taini皿9　gases　arising　fro皿grated　raw　garlic　and　heated
garlic　were　analyzed　by　OC　a皿d㏄一MS（Figure5）．　Eight　peaks　were　found　a皿d　these
were　identified　as’metha血ethiol，　dimethyl　sulfide，　ally1血iol，　allyl　methyl　sulfide，
dimethyl　disuifide，　methyl　propyl　sulfide，　dial正yl　disulfide　and　3－（allylthio）propionio
acid，　respect孟vely．
　　　　Methanethiol，　dimethyl　sulfide　and　allylthiol　are　low－molecular　sulfUr　compou皿ds
（LMSC）and　were　present　in　a　slightly　larger　qua皿tity　than　allyl　methyl　sulfide　and
dimethyl（lisulfide，　which　are　relatively　high　moIeoUlar　sulfur　compou皿ds（HMSC）in
both　raw　garliG　and　heated　garlic．
　　　　（2）ln－vivo　test
　　　　Gas　chromatograms　ef　raw　and　heated　garlic血in－vivo　test　afe　show皿血Figure　6．
Immediately　after　ingesting　raw　garlic，　the　concentrations　of　LMSCs　were　greatest
especially　methyl　sulfide　alld　al董yl　sulfide．　In　oontrast　il　the　heat－treated　garlic
eating，　lower　conce煎ations　of　LMSCs．（methanethiol，　a1正ylthiol　a皿d　allyl　methyl
sulfide）were　observed．　Therefbre　these　results　i皿diGate　that　the　mouth　nomlally
contains　a　small　concentration　ef　methanethiol　and　di皿e　thy1　sulfide（F　igure　4）．
29
8＿N9　　量
8β．
甲
o
8＾　　P
　　と
　　E8｝9
　　　　　　　　　　　　　　　　　｛0　　　　15　　　　20　　　　　　　　　　　　0　　　　　5　　　　　寸0　　　　15　　　　20
　　　　　　　　　　　　　　　　　　　　　R就er市。面me（mi・｝・　　　　　　　　Rete醐。・折m・仙）
Figure　5　　Gas　chromatograms　of　the　head－space　vapors　sampled　just　after　grating
　　　　　　　raw　garlic（1eft）and　heat－tre　ate　d　garlic（right）．
　　　　　　　　　　Peak　compo皿e皿ts　were　as　fblIows；LmethanethioI　2．　dilnethyl　sulfide；3。
　　　　　　　　a11ylthiol；4．　a11yl　methyl　sulfide；5．　dimethyl　disulfide；6．　allyl　methyl
　　　　　　　　disulfide；7．　methyI　propy互disuIfide；8．　diallyl　disulfide　a皿d　9．3－（allylthio）
　　　　　　　　propionic　aoid．
o學
`土O∀
護工O
0　　　　5
R磁副伽㎞伽）
f－3　4
・2
5
6
8　（b）
9
8＾Ptg　E　　岳
§F
o
o 5 10　　　15　　　20
　　Rd酬面on　t㎞‘min｝
o 5 て0　　　15　　　20
　　　R制e浦o醜曲ne｛1曲1
30
after　eat血g
　　Figure　6　Gas　chromatograms　of　the　breath　odor　of　one　subject，（a）before，（b）
　　after　eating　lg　of　grated　raw　garlic，　and（c）after　eating　l　g　of　grated　heat－treated
　　garlic．　．Peak　components　are　described　in　Fig　5・
5．Co皿clusion
　　　　The　researh　is　amed　at　developi皿g　novel　odor　evaluation　methods　fbr　the
development　of　fUnctioエ1al　fbod．　Although　texture　and　appearance　are　important
collstitue皿ts　for　the　sensory　perception　of　a　food　prod．uct，　flavor　i　s　the　most　important
charaotreristic　that　sign面es　co皿sumers’preference　in　food　choioo・　The　heat　treatgd
sweet　potato　and　garlic　were　investigated　as　a　representative　model　fbod　with　all
unfavorable　odor．
　　　　11this　chapter，　the　velatile　components　in　these　samples　were　analyzed　with
GC－MS　analyzer　as　a　generized　method．
　　　　Twenty　six　a皿d　forty　two　volatile　comp　onents　were　identified　in　raw　sweet　p　otato
and　heated－saccharified　sweet　potato　respectively，　by㏄一MS．　Not　only　the　number
of　volatile　oomponents　but　also　the　quantity　were　larger　i皿heat　treated　sanlple．　The
raw　sa皿P　le　showed　higher　leveIs　of　aldehydes，　and　on　the　other　hand
heated－saceharified　sweet・potato　yielded　a　headspace　rich血terpenoids，　keto皿es，
f肛rans　and　aromatic　aldehydes．
　　　　On　the　other　hand，　the　volatile　components　of　garlic　were　as　follows；
　　　　In　vitro　test；The　identities　of　the　sulfur－containing　gases　arising　from　grated　raw
garlic　and　heat　tre　ated　garlic　were　analyzed　by　GC　and　GC－MC．　The　volatile　sulfur
compeunds　were　identified　as　metha皿ethio1，　dimethyl　sulfide，　allylthio1，　allyl　methyl
sulfide，　dimethyl　disulfide，　methyl　propyl　sulfide，　diallyl　disulfide　a且d　3－（allylth・io）
propionio　acid　respectively．
　　　　In　vivo　test；Immediately　after　ing6sting　the　raw　garlic，　the　co皿ce皿trations　of
LMSCs（methartethi・1，　allylthi。1　and　ally豆methyl　sulfide）were　great。st　especially
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mothyl　su玉fide　and　a王lyI　sulfide．　In　conLtrast　in　the　heat－treated　garlic　eati皿9，　lower
oonoentrations　of　LMSCs　were　observed．　Th皿s，　the　volatile　componelltS　of　sweet
P・tat・and　garlic　we：。。larified・
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Cbapter　II
Od・r　Chara¢te血a伽・f　S重eamed　Swee重P・tat・and　ApPle　by　Us血g　Sen町
AnaL旦ysis，　Commercially　Avai置able　Odor　Sensor　and　Electroencephalography
1．ln重roduction
　1）　Sensory　eva艮uation
　　　　　IThe　word“quality”　is　Widely　used　for　evaluation　of　cenrmodities　and　w1th　many
meanings．　Food　quality　includes　charactcristics　that　are　external　properties；appearance，
feel，　intemal　properties；taste，　arom亀texture　and　technical　properties；nutritiGn，　safety．
Aエnong　them，　flavor　quality　is　a　critical　para工皿eter　fbr　acceptability　of　fbods　and　their
marketing　Several　methods　for　evaluations　of　flavor　quality　have　been　developed．
lnstrumenta1　analysis　such　as　gas　chromatograph　or　GC－MS　is　a　usefu1　tool　in　monitoring
the　possible　aroma　detect　with　its　separation　and　detection　capabilities　in　the　anaiysis　of
fbod　volatiles．　Olfactometric　analysis　is　more　dkect　tool　to　make　sure　that　off－fiavored
product　doesn’t　get　made　in　the　prooess　as　part　of　a　raw　material　acceptance　and　in－process
QC　prograrn．　Since　fla》or　is　a　sensorγperception，　regardless　of　the　result　of　inst㎜ental
analysis，　the　last　thing　important　for　the　aroma　defect　is　whether　it　falls　the　consumer
expectations．　Trained　human　nose　i　s　very　sensitive　and　j　udgment　by　trained　human　no　se
process　should　be　bUi　lt　in　QC　prqgram　for　qui。k　detection　of　any　off－odor　formatien
dur走ng　process血g，　FIavor　of　fbods三n　fbod　indust1y　is　often　evaluated　by　graders　who
grade　fiavor　quality　based　o皿their　personal　experience．　Although　grading　can　assess　fhe
overall　quality　o　f　products　very　rapidIy　in　convenience，　it　is　somewhat　subj　ective　in　nature
and　bec　ause　of　its　inherited　subj巳ctivity，　it　is　hardly　quantitative．
　2）　1）iscrimination　tests　and　descriptive　analysis　fbr　flavor　re　search
　　　　To　compare　the’sensory　difference　of　products　quantitative王y，　which　could　make　it
possible　statistical　comparison，　several　dif壬brent　methods　of　sensory　evaluation　have　been
devel・ped・Sens・ry　evaluati・n　meth・ds　are　se即ted沁t・an砥漁al　meth・ds；
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discrir皿ination　tests　and　descriptive　analysis，　and　af壬’ective　test　methods；preference　tests
and　acceptance　tests（1）．
　　　　Discrimination　test　is　a　simple　but　powerfUI　way　to　eva　Iuate　the　quality　deficiency　of
fbods．　Discrimination　test　is　a　usefUI　technique　when　the　obj　ective　of　the　test　is　to
determine　whether　any　difference　is　perceived　between　two　products，　By　screeni皿9
pa皿elists　to　determine　their　ability　to　differentiate　between　several　odors　and　w量th　proper
training　fbr　the　attribute　in　fbcus，　panelists　oan　disth191ヰsh　even　subtle　flavor　differences　as
sensitive　as　ins伽ent．’lrhe　m。st　c。㎜o曲㎜s　of　the　disc舳ation　procedure　are
triangle　test．　ln　the　test，　the　judge　is　asked　to　choose　olle　sample　which　is　diffbrent　fセom
the　other　tWo．
　　　Aitematively，　flavor　can　be　more　analytically　described．　by　descriptive　sensory　analysis，
which　provides　a　quantitative　specification　of　all　the　sensory　attributes　of　a　fbod　Gr　a
product．　Descl｛ptive　anε匪ysis　is　usefUl　fbr　specif～アing　sensory　changes　in　product
development　or董n　quality　control　due　to　a　fUU　Lction　of　ingredient　or　processing　variables．
For　the　purpose　of　creating　the　specification　of　all　the　sensory　attributes　of　a　fbod　oエa
pr・duct，　the　fust　step　in　qescriptive　analysis　inv・lved　in　creating　a　lexic・n　f・r　desc「ibing　a
product　is　to　identify　a　wide　number　of　relevant　descriptive　terms．
　　　　The　step　usually　involve　s　the　group　session　and　traming　session　vvhere　a皿mimum　of
7panelists　requ量res　several　hours　fbr　creat沁g　sensory　lexicons　of　products・mitial　tra加ing
and　then　maintenance　training　thereafモer（2）．　There　are　different　procedures　to　create　an
appエopriate　lexicon，　of　which　the　most　usual　is　the　unguided　fセee　selection　technique．
Each　panelist　assesses　the　product　and　writes　down　the　attributes　that　cllaracterize　a
product．　A負er　that，丘om　this　lisちalexicon　is　created　that　describes　the　qualitative
characteristics　of　the　sensory　attributes　of　product；taste，　flavor，　texture　after　taste，　which
panelist　are　asked　to　agree　as　a　common　vocabUlary．　The　se　s　ensory　lexic。ns　must　be　more
speci且。　than　a　consumer　woul　d　use　te　describe　a　product　s。血e　a面butes　wo皿d　be　more
analytical．　Once　they　establish　a　carefUlly　defined　set　of　descriptors　acceptable　and　usab正e
by　the　panclists，　panelists　are　individually　trained　to　make　judgments　about　the　perceived
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intensity　of　all　the　defined　attdbutes　of　thLe　product　on　an　intensity　scale．　Then，
repeatability　of　each　panelistls　judgment　is　tested　and　compared　with　other　paIlelist’s
perfbrmance．　　The　tra血ing　is　repeated　if　it　is　necessary　fbr　certain　panelist．
　　　　One　of　the　good　features　of　this　tec㎞ique　is　amenable　to　experimental　design　and
stati　stical　a血alysis．　Evalua廿on　by　each　panelist　fbr　a　sample　is　usually　repeated　to　ensure
血etest　reliability．　The脚elists　are　usually禰ned　to　perb㎜similarly，　but　us瞬ly
dif壬’erences　between　their　scores　are　observed　due　to　either　differe皿t　use　of　the　scaie　or
different　sensitivity　to　some　of　the　attributes．　A皿alysis　of　variance　repeated　measures
could　be　apPlied　to　partitioll　j　udge　effects　f｝om　product　differences．　Result　is　denoted　as
significance　fbr　the　existence　of　product　differences．
　　　　In　con廿ast　to恥e　a噂ical　me血od・aco皿sumer　test　is　to　measure　their　personaI
responses；　preference，　degree　of　liking，　and／or　acceptance，　by　potential　or　exis｛ing
customers　of　a　producちaproduct　idea，　or　specific　product　attributes（3）．　It　is　an　af顎ective
tool　in　predic血g　success　in止e　m肛ket　and　product㎞ction烈i馳ased　on　c。nsumer’s
feedback．　Preference　test　is　widely　used　as　a　standard　me血od　to　dete㎜ine血e
consumers’　subj　ective　responses　to　pro　duct　samples　and　their　reasons　for　selecting　their
choice（4）．
　　　　Acceptance　or　hedonic　tests　is　another　method　to　measure　the　degree　of　acceptance　of
the　product　being　tested（4）．　It　is　designed　to　measure　specific　collsumer　responses　to
particular　sensory　a・ttributes；　apPearance，　color，　flavor，　texture，　etc・，　of　a　product・
Consumer　is　asked　to　rate　the　degree　of　preference　for　the　prese皿ted　product。n血e
hedonic　scales．　The　m｛華or　advantage　of　acceptance　tests　is　that　they　provide　significant
insight　into　a　consumer’s　preferences　and　di　slikes　of　a　particUlar　food　product　or　a　sample
and　provides　numerioal　values　which　can　be　su切ected　to　statistical　analysis．
　　　　丘lflavor　research，　sensory　evaluation　is　essential．　Especially，　descriptive　analysis　is
usefU1　in　its　ability　to　describe　sensory　properti　es　a皿d　correlate　them　with　inst㎜ental　data
helps　in　understanding　the　sense　of　flavor．　With　association　of｛the　sensory　profile　and　the
volat量le　chemistry　profile，　the　specific　sensory　attribute　which　is　contributed　to　the　off一
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f正avor　Will　be　clarified．
3）Relationship　betWeen　sensory　evaluation　and　physielogical　activity　in　brain
　　（1）E董ectroencephalography　analysis
　　　　There　is　significant　interest　in　understanding　how　consumer　acceptance　of　fbod　is
constructed　in　the　cognitive　leve1．　The　cognitive　perception　of　the　odor　has　fbr　years　been
the　　fbcus　　of　　research，　utilizi皿9　　Psychophysiological，　eleGtrophysiological　　and
neuroimaging　techniques　and　clinical　studies　to　investigate　theories　of　physiolog量ca正
organization　of　preference．
　　　　in　the　physiologic　al　level，　olfacti。n　beg㎞s舳the　o1魚cto琢epitheli㎜加nas謡
cavities　where　50　million　specialized　receptors　react　to　numerous　scents．　The　information
signals　are　sent　through　the　axon　a　nd　the　01factory　bulb　where　the　infiormation　yieIded　by
the　odor　is　distr量buted　to　the　proper　1圭mbic　structures　such　as　the　prepyriform　corIex，
amygd鴫h｝ワo血alamus．　In鉛㎜就ion　is㎞heエsent　to　the　terminal　points　of　the　medial
dorsal　thalamus，　orbitof士ontal　cortex，　and　lateral　postedor　orl）itof｝ontal　cortex．　These
physioIogica1丘ndings　indicate　the　odor’s　directly　connection　to　the　limbic　system，　which
may　be　associated　with　its　strong　affective　and　emotional　connections（5）．　This　also
indicates　perception　of　the　o　dor　is　associated　With　liking　or　disliking　（pleasantness。r
ullpleasantness）（6，7）．
　　　　The　studies　have　been　fbcused　on　measur走ng　the　neurological　activity　of　bra加
structures　is　through　the　usage　of　electro　enc　ephalography（EEG）．　EEG　measures　distinct
もrain　wave　pattems　that　result　fヒom　being　in　a　wake　state　with　closed　eyes．　N　original
signal　data　obtained　from　an　electrode　are　transfornユed　into　N　transformed　nurnbers（Afi，
δi）by　Fourier　transfbrmatio皿．　Then　the　result　for　each　subj　ect　is　denoted　by　total　power
and　relative　power（＝a『b　solute　power／total　power　i且diverse　frequency　bands　in　each　set
totaled　100％）．　Relative％power　is　normally　obtained　for　the　f｝equency　bins　of　interest　z，
delta＝2－5　Hz，　theta＝5－8　Hz，　alphaニ8－13　Hz　and　beta＞13Hz（8）．　This丘amework　of
EEG　analysis　has　provided　an　observatio且in　brain　activity　responses　associated　with　odor
36
stirnuli　with　pleasa皿t　and　unpleasalit・EEG　resUlts　indicate　that　olfactory　stimulation　does
圭nf【uence　the　physiological　response　of　central　nervous　system（9，10）．
　　　　Researches　have　also　shown　that　exposure　to　odor　of　fbod　or　beverage　alters　the　state
of　brain　actiVity・Partiou正arly，　alpha　waves，　which　are　associated　with　relaxation，　have
been　observed曲creasing　in　the　presence　of。d。rs　that　are　assumed　t。　be　relaxants，　such
as　lavender（11）・Furthermore，　association　with　preferences　or　disliking　of　the　odor　has
been　indicated　With　increase　or　decrease　of　aユpha　wave　and　alpha　wave　power．　The　ability
of　odors　to　influence　judgment　of　preference　suggests　the　potential　for　using　the　EEG
measuroment　in　research　into　possible　prediction　of　const㎜er’s　aoceptance　of　odor　in
terms　of　physiological　response（12，13）．
　4）Purpose　of　the　study
　　　　The　aims　of　the　present　study　were　to　evaluate　the　odor　of　heated　sweet　potato　in
regards　to　the　sensorial　a皿d　cognitive　analysis　to　investigate　associa偵on　between　sensory
and　instrume皿tal　data．　To　aim　this，　quantitative　descriptive　anaユysis　and　EEG　analysis
were　applied　to　compare　the　odor　propert三es　of　heated　sweet　potato．
　　　　Owing　to　its　unique　health　benefit　and　odor　property，　sweet　potato　serves　as　a
pote皿tia工functionaI　food　ingredient　in　vari　ous　food　applications．　During　the　development
of　fUnctional　sweet　potato　j　uice，　a　heavy　unapp　etizing　off－odor　was　produced　after　heating
and　saccharification　of　sweet　potato．　The　previous　section　identified　compoullds　which
may　be　responsible　fbr　the　tyl）e　of　off－flavor　that　heated　potato　develops　after
saccharification．
　　　　In　this　study，　first，　raw　and　heated－saccarified　potato　was　sensorily　evaluated　using
descriptive　anaIysis　to　determine　which　sellsory　attributes　are　contributed　to　the　off－odor．
Then，　association　between　the　identified　volatile　detected　by　GC－M　S　in－the　chapter　I　With
sensQry　attributes　was　discussed．　In　combination　with　chemica1　measurements　underlying
sensory　and　chemical　relationships　Will　be　more　clarified．
　　　　Secondly，　to　test　the　cogn量tive　response　to　the　off－odor　of　sweet　potato，　using　an
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EEG　measurement・To　test　the　hypothesis　that　steamed　sweet　potato　off」odor　can　elicit
distinctive　changes　in　the　electri　cal　activity　of　the　cognitive　perception．　EEG　measurement
was　taken　with　exp・sure・t。血e・d・f・f　apPle　juice　and　stearned　sweet　p。tat・．　Subjective
odor　lUdng　responses　（preference　test　result）were　correlated　with　the　obj　ective
physiological（EEG）responses　to　investigate　differences　in　perceptual　re　spo皿ses　between
chan．ges　in　physiological　behavior（EEG）and　preference　response　of　odoエs，　results　were
cempared　With　the　degree　of　preference　data　using　a　consumer　preference　test　for　these
stimulant．
　　　　The　odor　measurement　system　used　in　this　study　serves　the　pulpose　of　f磁her
understanding　the　validi‡y　of　the　sensory　evaluation　at　the　chemical　and　cognitive　level　by
investigating　differepces　in　responses　between　the　sensorial　measurement（descriptive
analysis　and　prefeTence　teSt）and　the　physiological　response（EEG　mea昼urement）．
2．Materials駐nd　metbods
　1）Sweet　potato
　　　　The　raw　sweet　potato　cultivar‘‘Benihayatぴ’，　cultivated　in　Kagoshima，　Japan，　and
harvested　in　Octobcr　2004，　was　used　in　this　study．　The　raw　tubers　of　this　cultivar
contained　8mg　ofβ一carote皿e　per　100g　wet　weight．
2）Odor　cb興raoteris舖c　of　raw　an｛I　bo皿¢d・sacc血a践fied　sweet　potato
　　（1）Preparation　of　sweet　pot蜘jui¢e
　　　　Raw　sweet　potato　juice　was　prepared　as　fbllows．　One　kg　of　sweet　potato　was
shredded　without　peeliIlg　and　added　to　1．81itter　of　water．　This　preparation　was
homogenized　fbr　30　sec　by　using　a　macerator．　The　resUlting　slurry　was　placed　in　a　3　litter
fiask．　For　the　preparation　of　boiled　sweet　potato　juice，1kg　of　sweet　potato　was
steamed　by　stepwise　heating　at　60－65°C　for　3．5hrs　and　at　100°C　fbr　l　hr．　To　this
preparation　l．81itter　of　water　and　5．Og　ofα一amylase（Uniase　BM－8，　With　a　specific
activity　of　about　80，000u／g）were　added，　a皿d　the　potato　mixturc　was　inculbated　fbr　3
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hrs　under　warm　condit｛on（60°C）・Then　5・Og　ofβ一amylase（Uniase　L，　with　a　specifio
activity　of　about　80，000u／9）was　added　to　partia亘1y　hydrolyze　starch　and　incubated　at
55°Cfbr　l　hr．　After　the　incubation　50g　of　glucoamylase（Uniase　30，　with　a
specific　activity　of　about　80，000u／g）was　added　to　the　preparation．　The　mixtuエe　was
incubated　at　550C　for　l　hr．　Both　samples　were　cooIed　to　room　temperature，
separated　into　smaller　beakers　and　wrapPed　with　aluminum　fbi1．　In　additior」1009
each　of　raw　samples　and　boi正ed　juices　were　used　fbr　GC－MS　analysis　and　I　OO血l　eaeh　of
the　samples　were　used　for　sensory　evaluation．
　　（2）Descriptive　anaiysis　of　model　samp置e
　　　　To　determine　the　difirerence　between　odors　of　raw　and　heated－saccharified　sweet
potato　j　uices，　descriptive　analysis　was　co皿ducted．　TI血teen　assessors　who　were　Japanese
fema正es，　aged　19～25　years　oId，　were　recruited　fbr　the　sensory　eva　luation　of　raw　and
heated　sweet　potato　juices．　The　panelists　were　se正ected　by　using　the　d　iffer　ence　test　with
following　compounds　at　indicated　concentrations，β一phenylethyl　alcohol　l　O響4・o％
（w／w），methyl　cyc1・penten・1・ne　10’45％（w／w），　is・valeric　acid　1σ5・°％（w／w），　Y－
undecalact・ne　10曽4・5％（w／w）and　skat・豆e　10－s・°％（w／w）．　All　chemicals　are
produced　by　Daiichi　Yakuhin　Kogyo　Co．，　Ltd．，　Japan．
　　　　Sensory　training　and　sensory　descriptor　developme皿t　were　carried　out　prior　to　the
sensory　evaluation　in　a　round－table　discussion．　Both　raw　and　heated－sacchari丘ed　sweet
potato　j　uices　were　served　in　a　150ml　glass　Wiapp　ed　With　aluminum　feil　prior　to　the　sensory
evaluation　by　the　assessors．　Table　l　shows　the　descriptors　used　by　trained　paneIs　for　raw
and　heated　sweet　potato　juices　and　the　preparation　of　the　reference　standard　fbr　each、
descriptor．’The　fo　llowing　sensory　evaluation　was　pedformed　on　an　individual　basis．　Two
samples　on　a　tray　were　presented　to　each　panelist。　Raw　alld　heated－saccharified　sweet
potato　samples　were　presented　in　a　glass　and　panelists　were　asked　to’唐モ盾窒?@th 　attribut
according　to　the　apPropriateness　of　the　reference　using　a　7－point　scale　anchored　on　the　lefヒ
by　the　term　‘none’　and　o血the　right　by　the　term　‘extreme’　for血e　odor　sensory　descriptors；
overall　intensity，　grassy，　sweet，　sour，　carrot，　tomato，　powdery，　caramel　and　heavily　boiled．
39
T－test　was　performed　to　exalnine　the　significa皿ce　of　difference（SPSS　ver．1LO）．　The
panelists　were　aユso　asked　to　describe　their　o　dor　impression　of　chemical　standards　found　in
volatiles　of　raw　and　boiled　sweet　potato　j　uice　by　GC－MS．
Table　2Sensory　descriptors　used　in　the　descriptive　analysis　and　the　standard
reference　prepared　f（）r　each　sensory　descriptor
（｝rassy　odor
Sweet　odor
Sour　odor
Caramel　odor
Carrot　odor
Tomato　odor
Powdery　odor
HeaVily　boiled　odor
100m王ofpressed　juice　of　boiled　spinach，　withDut　rGots
100ml　of　maple　j　Uice　produced　in　LB　Maple　Treat　lnc．　Canada
diluted　to　10％with　pure　water
S嘘st　l　OO％lemon　produced　by　Mitsukan　CoJapan
Sucrose　heated　up　to　about　170°C
Pressed　carrot　j　uice　after　blanching
Heated　j　uice　after　pressing　tomato
30g　of　com　stalch　dissolved　in　100ml　of　pure　water
100g　of　sweet　potato，50g　of　noodles　and　O．3g　of　mis⑪were
dissolved　in　250ml　ofpure　water　with　heat圭ng
3）Odor　c血aracteristic　of　steamed　svveet　potato　compared　with　appEe　j　uice　aroma
　　（1）P】repa〕ration　of　sweet　potato　j竜ユice
　　　　One　kg　of　sweet　potato　was　heated　at　60－65°C　fbr　35hrs　and　then　steamed　at
100°Cfbr　l　hr　with　boiling　water　fbr　use　in　this　study．　Steamed　sweet　potatoes
which　were　kept　at　30－350C　and　appIe　juice（Dole，　produced　by　Yukijirushi　Co．，　Ltd．）
were　used　fbr　the　experiment．
　（2）Sensory　evaluation
　　　　Seven　subj　ects（Japanese，　female，　aged　20～35　years）were　selected　by　lls圭ng　a
difference　test　with　the　fbIlowing　compounds　at　indicated　concentrations；β一
phenylethyl　alc・h・110『4・°％（w／w），　methyl　cyc1・pente皿・1・皿e　1　O’4・5％（w／w），
　　　　　　　　　　　　　　　　　　　　　　　し　　コ
isovaleric　acid　10－5層o％（wγw），γ一undecalactone，10’4’5％（w／w）and　skatole　I　O－s’o％
（w／w）．AII　chemicals　are　produced　by　Daiichi　Yakuhin　Kogyo　Co．　Ltd．，　Japan．
The　7　subj　ects　were　asked　to　evaluate　their　preference　fbr　steamed　sweet　potato，　apple
jui㏄，　and　d三stilled　water　based　on　the　7－point　sc　al　e，　where　l　indicates　very　unpleasant　odor
and　7，　very　pleasant　odor．　The　subjects　were　asked　to　have　at　least　1－m圭n　rest　period
between　evaluations　of　samples，　and　the　evaluatio血was　conducted　twice　each　day　fbr　2
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days．
　　　　Nexち　using　the　semantic　differential（SD）method（14），　odor　quality　was　evaluated　in
terms　of‘‘heaVy　to　light”，‘‘heated　to倉esh”，　and‘‘weak　to　strong”．　After　tl　Le　subj　ects　had
farniliarized　themselves　with　the　sa［nples，　they　were　ins甑ted　to　rate　each　sample　in　te㎜s
of　heavy　to　light　odor　on　the　7　points　scale，　where－3　is　very　heavy　odor，－2　is　f謡rly　heavy
odor，－1　is皿oderately　heavy　odor，　O　is　intermediate　odor，＋1　is　moderately　light　odor，＋2
is　fairly　ligh　odor　and＋3　is　very　Iight　odor．　Then　the　subj　ects　were　instructed　to　rate　each
sample　in　terms　of　heated　to　fresh。dor　on　the　7－point　scale，　where　・3　is　very　heated　odor，－
2is　faitly　heated　odor，－l　is　moderately　heated　odor，　O　is　intermediate　odor，＋1　is
mo　derately　fresh　o　dor，＋2　i　s　fairly　fresh　odor　and＋3　is　very　f士esh　odor．　Lastly，　they　were
instructed　to　rate　each　，samp，1e　i皿terms　of　weak　to　strong　o　dor　on　the　7　pointS　scale，　where
－3is　very　weak　odor，－2　is鰯y　weak　odor，－1　is　moderately　weak　odor，　O　is　intermediate，
＋1is　moderately　strong　odor，＋2　is　fairly　strong　odor　and＋3　is　very　stro皿g　odoL　They　had
at　least　1－min　rest　period　betWeen　s血1uii　and　evaluations　were　made　twice　at　different
days．　Al1　testS　were　conducted　for　tWo　days．
（3）Odor　se皿sor　research
　　　　AFox　4000　elootronic　sensor　equipped　with　an　ACU　500　humidifier　was　used．　This
童nstn皿ent　is　equipped　With　I　8　meta正⑪xide　sensors　inside　3　chambers．　Each　chamber
contains　6　m．etal　oxide　sensors（p，　flat－plate　sensor；T，　tUbular　sensor；SY，　non－doped　tin
oxide　sensor；atemperature　sensor；and　a　rela廿ve　humidity　sensor）．　To　provide　constant
flux　of　vector　gas（humidified　syntheticε血）through　the　electronic　sensors，　a　humidifier
（a廿conditioning　unit，　model　1997，　Alpha－MO　S）was　used．　The　analytical　parameters
（sample　quantity，　headspace　generation　time，　temperature，　flow　rate，　and　inj　ection　time）
were　detemmined．　The　sensers　vvere　carefully　monitored　to　make　sure　that　they　Teturned　to
the　baseline　du血g　the　preli皿注nary　trials，　and　the　optim㎜time　was　found　to　be　5　m血
after　sample　inj　ection．　Data　collection　time　was　120sec．　Carrier　gas　flow　was　set　to　150
mi！min　and　relative　humidity　was　regulated　at　20％RH．
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　　　　Although　the　electronic　sensor　is　equipPed　with　18　sensors，　only　the　results　of　a
lirnited　number　of　metal　oXide　sensors　were　chosen　for　fUrth．er　analysis，　after　eliminating
sensors　with　high　mUlticollinearity　by　stepwise　regression　analysis．　SPSS　version　11．O
was　used　fbr　data　processing．
　（4）EEG　analysis
　　　　Subj　ects　recruited　fbr　EEG　measurement　were　Japanese　females，　aged　20～35
years　old．　Each　s皿bject　was　asked　to　sit　o血achair，　relax，　and　close　her　eyes　while
the　EEG　apParatus　with　a　ten－twenty　electrode　system　was　set．　Alaboratory
assistant　held　the　first　sample　approximately　5cm　from　the　subject’s　nose　and　the
subject　was　given　2　min　to　smell　the　sample．　Next，　the　su切ect　was　given　distilled
water　to　smell　fbr　1　min　and　thereafter　asked　to　remain　seated　for　10－15　sec．　Then，
the　subject　was　asked　to　smell　the　second　sampIe　fbr　2　min．　These　procedures
were　repeated　twice　each　day　fbr　two　days．　The　samp正es　were　presented　at
random，　order　to　the　subjects．　The　electroencephalogram　was　recorded　with　a
Neurofax　EEG－1518（NIHON　KOHDEN）．　EEG　was　reviewed　with　a　time
constant　of　O．03　sec　and　a　Hi　Cut　Filter　of　60　Hz．　EEG　of　frequency　5．3～60　Hz
was　analyzed　with　512－point　FFT　and　power　value　was　measured．　Peak　frequency，
αlwave　power（8～10　Hz），　andα2　wave　power（10～13　Hz）were　measured　fbr　5
sec　each　after　the　subj　ect　was　showll　the　sample，　with　an　EEG　analysis　program
（NIHON　KoH】〕iEN　Qp－220A）a｛モer　eliminating　artifacts．　Distilled　water　was　used
as　control　and　t－test　ofthe　results　was　calculated．
3．Resu豆ts　and　Discussion
1）Oder　characteristie　of　raw　and　boiled－saccbaIri血ed　sweet　potato
　　（1）Sensory　eval鴫ation
　　　　Table　2　shows　the　descriptive　profiles　of　all　the　sanlples　in　terms　of　the　nine
descriptors．　According　to　the　maj　ority　of　the　profiles，　the　heate艮一saccharified　sweet　potato
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juice　has　higher　odor　intensity　than　the　raw　sweet　potato　juice・Significant　diffヒrences
were　observed　with　respect　to　50f　the　9　descriptors・Heated　saccharified　sweet　potato
generated　more　intensive　odors　of‘‘heavily　boiled”and‘‘sweet”than　the　raw　sweet　potato
juice，　with　the　exception　of　the‘‘carrot”and‘‘grassy”odors．　There　was　also　no　difference
in　terms　o紬e，“caramel”，“sour”，“tomato”or‘‘powdery”descriptor　between　the　two
juices．　Interestingly，　note　that　the　intensity　of　off」odor　component　四heavily　boiled曹置
markedly　illcreased　fbr　the　heated　sweet　potato　j　uice．　The圭ntensity　of　the　odor　component
‘‘唐翌??煤halso　greatly　hlcreased．　Frorn　this　result，　the　odor　impression　of　heated　sweet
potato　juice　can　be　both　sweet　and　heavily　boiled．
Table　2Significant　difference　s　in　sensory　descriptors　between　raw　and　heated
　　　　　　　　　　　’　　　　りsweet　potato　J　ulces
Sensory　descriptorraw heated si　gnificance
Grassy　o　dor
Sweet　odor
Sour　odor
Heavily　boiled　odor
Carrot　o　dor
Tomato　odor
Powdery　odor
Caramel　odor
Odor　intensity
3．2圭0．7
3．1±0．8
3．1士0．8
35土0．5
3．8±0、7
2．9±0．5
35士0．5
1．8±0．6
3．6土O．7
2．1±0．5
5、0±0．7
2．5土O．5
6．1士0．6
2．9±O．6
2．9士O．8
3．Oi・0．8
2．1±0．5
4．8」・0．4
pく0．001＊＊＊
p〈0．001＊＊＊
P＜O．OOI＊＊＊
p＜0．05　＊
p＜0．001＊＊＊
　　Values　indicate　the　mean土SD　given　by　13　panelists．　Signlficant
　　diffbrences　within　rows　indicated　by　asterisk；＊＊＊significant　at　O．1％
　　1evel，＊＊signific　allt　at　l％Ieve1，＊signifi　cant　at　5％leve重
（2）Relationship　betWeen　volatil【e　compo皿e皿ts　and　sensory　value
　　　　　　The　sensory　evaluation　showed　that　the　intensity　of　the　overall　odor　fbr　heated一
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saccharified　sweet　potato　juice　was　significantly　higher　than　that｛br　raw　sweet　potato
juice．　Theseτesults　suggest　that　the　Qverall　odor　intensi電y　fbr　heated－saccharified　juice
significantly　increased，　as　a　resUlt　of　the　jncrease　in　the　levels　of　all　the　compounds　after
the　treatment　AIso，　the　sensory　test　showed　that　the　intensities　of　two　sellsory
parameters（sweet　and　heavi正y　boiled　odors）significantly　increased　after　the　treatment．
This　resUlt　suggests　that　the　forrnation　of・　some　volatiles　and　the　loss　of　some　compounds
lead　to　a　sensory　change　in　the　characteri　stic　odor　of　sweet　potato．
　　　　Although　it　is　且ot　easy　to　deterrnine　the　relationship　between　the　sensory
descriptor’sエesults　of　the　sensory　evaluation　and　the　individual　chemical　compounds
identified，　it　may　be　assumed　that　some　of　the　compounds　contributed　to　the　sensory
components．　The　sensory　irnpact　of　some　important　compounds　is　discussed　b．　elow　for
the　sensory　parameters　with　a　sigriificant　result．
　　　　Certajn　aldehydes　such　as　a．ceta豆dehyde，　benzaldehyde　and　benzeneacetaldehyde，
possess　a　distinctive　sweet　floral　aroma．　Sensory　evaluation　results　showed　that　the
heated　saccharified　sweet　potato　juice　possesses　a　significant　sweet　odor（Tab夏e　2），　and
an　increase　in　the　levels　of　these　compounds　may　contribute　to　the　sweet　aroma　profile　o　f
the　heated－sacchalifi　ed　sweet　potato　j　uice．
　　　　Certahl　ketones，　such　asβ一ionone，2，3－butanedione，　and　geranyl　acetone，　possess　a
sweet　floエal　aroma　and　may　add　a　sweet　floral　note　to　the　total　sweet　profile　of　heated－
saceharified　potato　juice．　An　increase　in出e　level　of　these　c。mpounds　in　considerable
amounts　in　heated－saccharified　sweet　potato　juice，　maアreflect　the　result　of　the　sensory
evaluation　of　high　intensity　of　sweet　o　dor．　A豆thougllβ一damas　cenone　posse　sses　a　heaVy
floral　odor　and　contribute噛to　the　fioral　note，　owing　to　its　strong　odor　intensity　and　low
廿エreshold（伽’eshold　in　water：0．2　ng／litter）（15），　it　has　o負en　been　considered　to
contribute　to　the　overall　o鎚Lodor（16，17）．　Sensory　evaluation　results　showed　a　higher
intensity　of　the　heavily　boil　ed　odor　in　heated－sacchar1fied　sweet　potato　juice，　suggesting
that　the　higher　proportion　ofβ一damascenone　found　after　boiling　may　co血tribute　to　not
only　the　sweet　note，　but　also　the　off－　odor　note．
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　　　　In　our　sensory　evaluation，　a　higher　intensity　of　the　sweet　note　was　suggested　fbr
heated－saccharifred　sweet　potato　j　u・ice・The　characteri　stics　of　the　standard　of　terPenoids
fbund　by㏄一MS　are　described　as　follows：be皿zaidehyde，　an　aroma　like　that　of　bitter
almond；1inalool，1emon　and　rose－like；alldβ一cycIocitra1，　camphor　and　cereal　husk一呈ike
odor・Therefbre，　the　high　proponi　on　of　these　eompou皿ds　found　in　heated－saccharified
sweet　potato　vapor　could　be　associated　with　the‘‘sweeで’odor　of　heated－saccharified
sweet　potatO　jUice．
　　　　1］nour　expor㎞ent，　the　results　of　the　sensory　analysis　showed　a　higher　i皿tensity　fbr
heavily　boiled　odor　and　lower　intensity　fbr士he　sweet　odor　in　heated－saccharif1ed　sweet
potato　juice，　which　indicates　that　off－odor　was　more　predominant　a丘er　heating　and
saccharification　processes．　Fur　fural，　but　not　maltol，　was　detected　in　heated－saccharified
sweet　potato　j　Uice．　Thi　s　may　explain　why　the　heated－saccharified　sweet　potato　j　uice　was
perceived　to　have　a皿unpleasant　odor　instead　of　a　sweet　potato－like　odor．
2）Odor　characteristic　of　steamed　sweet　potato　cempared　with　apP】e　juice　aroma
　　（1）Se皿sory　evalua髄on
　　　　Figtire　1　shows・the・resUlts　of・evaluati。n。f　steamed　sweet　potato　and　apPle　juice　by
using　the　SD　meth⑪d．　The　t－test　was　ca正cu互ated　between　evaluated　values　of　steamed
sweet　potato　and　those　of　apple　juice．　A　significa皿t　difference　fbτthe　factor‘‘heavy　to
light”was　observed　at　5％level．　Next，　a　significa皿t　difference　fbr　the　factor“heated　to
丘esh”was　observed　at　l％leve1．　From　these　resuユts，　it　is　thought　that　steamed　sweet
potato　has　heavy　and　heated（ggoked）odor，　while　apple　j　uice　has　light　a皿d丘esh　odor．　The
standard　deviation，　which　i自an　indication　of　variation　among　subjects，　was　smalL　In
additio皿，　a　significant　difference　for　the　factor‘‘weak　to　strong”was　observed　at　1％Ievel．
From　this　result，　it　is　thought　that　steamed　sweet　potato　odor　is　weak，　while　apPle　juice
aroma　is　strong．　The　standard　deviation，　which　is　an　indication　of　variatlon　amo皿g
SUbjeCtS，　WaS　alS。　Small．
　　　　The　result　of　pleasantness　test　is　shown　also　in　Figuτe　L　A　significant　difference　for
45
the　factor‘‘unpleasa皿t　to　pleasa：nt’was　observed　at　5％level．　Standard　deviation　was
likewise　sma｝1．　From　this　result，　it　was　concluded　that　apple　juice　aroma　was　more
pleasant　tha皿steamed　sweet　potato　odor．
　　　ApPle　j　uice　aroma　mainly　originates　from　a　mixture　of　esters，　aldehydes，　and　alcohols．
Among　ester　compounds，　ethyl　acetate，　butyl　acetate，　and　hexyl　acetate　are　present　in　large
amounts．（iE）－2－hexerlal，　an　aldehyde，　is　prese撹in　Iarge　amount　as　well（18）．　Such
alcohols　as　butano正a皿d　hexanol　are　also　present　in　large　amounts　（18）．　These　aroma
compounds　are　responsible　for　fhuity　an．d　fragrant　aroma．　On　the　other　hand，　the　heavy
odor　of　steamed　sweet　potato　is　due　to　terpenes，　ionone，β一da：mascenone，　benzaldehyde，
and　pheny1　acetaldehyde（19，2⑪）．　When　S　ats㎜a　m肛1dar加is　heated，　an。ff－flavor　which
resembles　the　heavy　odor　of　steamed　sweet　potato　and　is　calIed‘‘Imo－shu”（sweet　potato
off．odor）is　generated．　Araki　and　S　akakibara　reported　that　this　heavy　aroma　is　due　to　the
large　amount　ofβ一damascenone（17）．　It　is　clear　that　aroma　compounds　in　apPle　juice　are
different　fセom　tho　se　in　steanrxed　sweet　potato．
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Figure　l　Odor　characteristics　of　stearned　sweet　potato　and　app　le　j　uice　measured
　　　　　　　bv　SD　method
（2）Odor　s¢nsor　analysis
　　Figure　2　shows　the　response　patterns　of　18sensors　to　volati　le　organic　compounds　in
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steamed　sweet　potato　and　apPle　j　uice．　The　response　rates　of　the　most　sensors　to　steamed
sweet　potato　were　clearly　lower　than　those　to　apPle　juice．　There　is　an　exponential　li皿ear
relationship　between　se皿sor　resp⑪nse　rate　and　concentration　of　volatile　organic　compounds．
However，　there　is　no　direct　relationship　between　sensor　response　rate　and　sensory　odor
strength．　When　the　odoエquaIities　a正nong　samples　are　the　same　and　only　concentrations　of
voIatile　orgaエdc　compou皿ds　i皿those　sam・ples　aエe　di驚rent，　there　is　a　fixed　correlation
between　sensory　odor　strength　and　sensor　response　rate・　『Wlien　the　odor　qualities　among
sampIes　are　different，　there　is　no　relationship　between　sensory　odor　strength　and　sensor
response　rate．　Conseque皿tly，　from　the　fact　that　the　sensory　odor　strength　of　steamed　sweet
potato　is　less　than　that　of　apPle　juice，　it　cannot　be　concluded　that　the　sensor　response　rate
of　the　former　is　lower　than　that　of　the　l　atter．　However，　it　is　clear　that　there　is　a　remarkable
difference　in　the　amounts　of　volatiles　betWeen　steamed　sweet　potato　a皿d　apple　j　Uice．
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Figure　2　Response　patterns　of　18　sensors　to　volatile　organic　compounds　in
　　　　　　　　steamed　sweet　potato　and　apPle　j　uice
（3）EEG　analysis
　　　　Orgalloleptic　values　and　changes　ill　the　electroencephalogram．｛br　the　7　suhlects　are
shown　in　Table　l．　The　upPer　panel　shows　the　results　of　sensory　eva玉uat董on　and　the　lower
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one　shows　the　results　ofα1　andα2　wave　power　measurements・Across（†）represents
significance　at　10％1evel　and　an　asterisk（＊）represents　significance　at　5％level．　The
results　demonstrate　that　apPle　juice　aroma　was　pleasallt　while　steamed　sweet　potato　odor
was　unpleasant，　and　distiIled　water　without　odor　was　intermediate　between　pleasant　and
㎜pleasant．　There　were　some　differences　in　organoleptic　values　among　the　subj　ects．
　　　　When　apPle　juice　was　presented　to　the　subjects，　no　significa皿t　change　inα1　wave
power　was　observed・On　the　other　hand，　an　increase　inα2wave　power　was　observed　fbr　I
subj　ect，　a　decrease　inα2　wave　power　was　observed　for　2　su　bj　ects，　and．　no　change　inα2
wave　power　was　observed　for　4　subj　ects．　Further　analysis　was　conducted　for　the　subj　ects
whoseα2wave　power　was　inoreased・When　the　subj　ects　smelled　controi　sample，αwave
power　barely　appeare母、　From　that，　it　was　su面sed　that　stress　was　relieved　by　smelHng
apPIe　j　uice，　which　effectively　increasedαwave　power．　In　two　subj　ects　whoseα2wave
powers　were　decreased　by　smeUing　apple　luice，　no　si　gnificant　change　inα1　wave　power
was　observed．　Thus，　it　seems　that　the　appearance　of　the　fast　compone皿t　ofαwave　was
suppressed．
　　　　　From　these，　it　was　hypothesized　that　3　subj　ects　described　above　becan　te　relaxed　by
smel1ing　apple　jUice．　Although　app正e　juice　aroma　was　eva董uated　to　be　pleasant　by　alI
subj　ects　in　the　sensory　evaluation，　the　sar皿e　tendency　did　not　apPear　on　the
electroencephalograms　of　all　subj　ectS．
　　　　When　steamed　sweet　potato　odor　was　presented　to　the　subj　ects，　an　increase　inα1
wave　power　was　observed　for　3　subj　ects，　a　decrease　in　ori　wave　power　was　observed　for　3
subj　ects，　and　no　change　inα1　wave　power　was　observed　fbr　l　subject（Table　1）．　When
apP　le　jUice　was　presented，　no　change三nα1　wave　power　was　observed．　in　contrast，　when
steamed　sweet　potato　was　presented，　changes　in　a　i　wave　power　were　observed．　This　is　the
key　difference　between　apPle　juice　aroma　a皿d　steamed　sweet　pot飢o　odor．　From　the
finding　that　cti　wave　p　ower　increased　s　igni　ficantly　fer　3　subj　ectS，　whoseα｛wave丘equency
did　not　change　significantly，　it　was　thought　thatα1　wave　power　itself　increased　fbr　3
subjects．
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　　　　In　general，　the　increase　in　cti　wave　power　means　an　increase　of　consciousness　level　or
relaxation．　When　a　person　is　in　a　state　of　relaxation，αwave丘equency　decreases．　As　no
change　in　ct　wave　freque皿cy　was　observed　i　ri　this　experiment，　it　appears　th　at　not　relaxation
but　consciousness　level　was　increased．　For　one　of　the　3　subj　ects　whoseα1　wave　power
was　decreased　after　smelling　steamed　sweet　potato，α2wave　power　was　also　decreased，
From　that，　it　was　clear　that　or　wave　power　was　decreased　total亙y　and　the　sense　of　tension
was　increased．　Although　the　change　i皿αwave　power　depends　on　each　subj　ect，　it　seems
that　steamed　sweet　potato　odor　induced　a　sense　of　tension．　EEG　analysis　revealed　that　the
telldency　for　remarkable　change　was　more　clearly　observed　for　unpleasant　odor　than　for
pleasan　odor・
　　　　The　effects　of　apPle　juice　aroma　and　stealned　sweet　potato　odor　on　mental　acti、dty
were　studied　f｝om　the　changes　in　the　electroenoephalogram　It　was　clarified　that　apple
juice　aroma　had　less　impact　on　the　electroencephalogram　than　steamed　sweet　potato　odor．
In　general，　EEG　may　react　more　sensitively　to　unp正easant　odor　than　to　pleasa皿t　odor．
　　　　From止e　above　results，　steamed　sweet　potato　odor　was　confirrned　to　be　less　p　leasant
llian　apPle　jUice　aroma．
、
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Table　3　Resuits　of　sens。ry　evaluaゼ。n　and　changes　in　a　Nvave　P。wer　spectrum
　　　　Eval型a廿on　sub邑ect　A　sub’ect　B　sub’ect　C　sub’eαt　D　sub’e破Esub’ect　F　sub弓ect　G
pleasant
intemediate
un　leasant
a
SW
a
S w
a
WS
a
WS
aWS
a
WS nOS w
a s　　a s　　a s　　a s　　a s　　a s　　a 3
’lncrease
no　change
decrease†＊
α1　α2α1
　　　　　　　α2
α2　α1
α1
a2
α1 a2　a1
　　　α2
α｛　α2α1　α2al　α1α1
α2　　　012　　　α2　α2
al
al
　　　a2
α2　α1
a，sand　w　irldicate　app［e　juice，　steamed　sweet　potato，　and　dis廿1［ed　water　samples，respeo廿vely．
＊：sign祈oant　at　5961evel（control＝H20）
†：signMcant　at　1｛on　level（c。nセ。1＝H20）
The　electroencephalogram　indicates　change　in　P3．
The　upper　panel　show3廿1e　resu忙s　of　sensory　evaIロaゼon　and　the　lower　panel　shows　the　changes
inα1andα2wave　powers．
4．Conclusion
　　　　Thc　volatile　components　of　sweet　potato　were　clarified　in　chater　I　and　the　sellsory
characteristic　of　sweet　p　otato　was　studied　in　this　chapter．　The　differences　in　odor　profile
between　the　heated－sacchadfied　sweet　potato　juice　and　raw　sweet　potato　j　uice　were　studied
by　descriptive　sensory　evaluation　method．　The　sensory　attlibutes　of　heated－saccharified
sweet　potato　j　uice　showed　a　high　rating　fbr‘‘sweet”odor　but　al　so　a　high　rating　for‘‘heaviIy
boiled”odor　as　an　off－odof　note，　whereas　raw　sweet　potato　sample　possessed　enhanced
grassy　and　carrot　odor．　The　evaluation　of　GCIM［S　and　sensory　data　suggested　that
terpe且oids，　ketones，　fttrans　and　aromatic　aldehydes　are　the　potent　odor　compoullds
contributing　to　the　change　in　odor　profi董e　af董er　hea血g　and　saccharification．　No　malto1，
which　is　an　important　aroma　contributor　in　baked　sweet　potato，　was　fourtd　in　heated－
sacch飢挽d　sweet　po倣o．　Boiling　may　not　favor　the　formation　of　maltol，　which　is　formed
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du血g　baking・　Although　it圭s　not　easy　to　identify　the　odor　compounds　of　heated－
saccharified　sweet　potato，　the　results　obtained　in　this　study　may　show　some　association
between　the　identified　volatiles　in　the　heated－saccharified　sweet　potato　and　the
characteristic　odor　attr　ibutes　of　sweet　potato，　which　reflect　the　descriptions　i皿the　sensory
evaluation　given　by　the　panelists．　Further　study　is　planned　to　elucidate　the　aroma
impact　compound　by　measuring　the　relative　contribution　of　each　identified
compound．to　the　sensory　attributes．
　　　　The　study　has　started倉om　volatile　components　a皿d　developed　t⑪se皿sory　field．
FIIrdユermDre，　the　study　has　developed　the　relationship　between　sensory　evaluation　and
electro　encephalographic　analysis．　The　aroma　characteristics　of　steamed　sweet　potato　were
compared　With　those　of　apple　j　Uice　and　the　difference　was　clarifi　ed　by　sensory　eva　luation
and　odor　sensor　and　electro－enc　ephalographic　analyses．　Although　a117subj　ects　evaluated
apPle　juice　aroma　to　be　pleasa皿t，　the　same　tendency　was　not　observed　for　all　subj　ectS　on
the　electroencephalogram，　Three　subjects　were　reIaxed　by　apple　juice　aroma　while　no
changes　inα1　andα2　wave　power　were　observed　for　the　remaining　4　subjectS．　It　was
concluded　that　apple　juice　aroma　did　not　elicit　an　unpleasant　mood．　On　the　other　hand，　by
smelling　steamed　sweet　potato　odor，αwave　power　was　markedly　decreased　and　the　sense
of　te皿sion　was　increased．　A　significant　difference　between　apple　j　uice　aroma　and　steamed
sweet　potato　odor　was　observed　on　the　basis　of　the　changes　inαwave　power．　It　became
clear　that　steamed　sweet　potato　odor　was　different　from　apPle　j　uice　aroma　and　was　not　as
pleasant　as　apple　j　uice　aroma．　This　resUlt　indicates　that　the　o　dor　c　an　b　e　evaIuated　in　terms
of　the　cognitive　aspect．　From　these　findings，　association　of　the　sensory　measurement　with
the　chemical　and　the　congnitive　measuτement　was　made．　Fumberrnore，　possible　indication
of　association　of　the　cognitive　response　against　the　odor　with　the　preference　of　the　odor
was　suggested．
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Cbapter　m
Measureme皿t　of　Odor　Quality　ef　Mode1　Food　lngredients　by　Usi皿9　Newly　Developed
Odor　Sensor
1．In生】roduotion
　　　　Food　quality　hasr　traditionally　been　defined｛n　terms　of　product　Pエoperties．　More
recently　quality　is　being　viewed　more　towards　fUlfilli皿g　requirements　of　consumers　and
consumers’accepta血ce．　In　the　last　chapters，　the　multiple　dimension　of　the　odor　quality
was　clarified　in　terms　of　the　chemical　and　the　cognitive｛analysis　ofthe　off－odor．
　　　　With　use　of　an　instru㎜ental　measurement（GC－MS　and　EEG　analysis），　it　was　fbund
that　perception　of　the　odor　can　be　analyzed　in　chem玉cal　and　physiologica正perspective．
GC－MS　analysis　identified　the　specific　compounds，　which　elicit　the　various　sensoriaI
responses．　Specific　patterns　of　brain　electricaユactiVity　also　reveal　association　ofthe　odor
perception　with　brain　activity，　which　is　also　related　With　subj　ect’s　preference　of　the　odor．
　　　　Although　these　results　suggest　that　the　hlst㎜ental　evaluation　of　the　odor　could　be
used　as　obj　ective　tools　to　predict　thc　subject’s　hedonic　responses　to　the　odor，　they　are
thne－consu皿丘ng　and　its　relationship　with　the　degree　of　the　subject’s　preference　is　stiU　not
conclusive．　Therefbre，　sensory　evahlation　is　currently　the　fbremost　tool　fbr　odor　analysis
due　to　its　sensitiΨity　and　selectivity・　In　additi　on，　since　it　is　evalnated　by　end－users，
c。nsumer’s　preference　or　acceptance　can　b　e　directly　reflected　in　the　final　assessme且t　of　a
product．
　　　　Recently，　as　the　mechanism　of　the　human　sense　of　smell　has　been　clarified，　chemical
sensor　technology　has　become坤ghlighted，　which　can　perceive　odors　in　a　similar　way　to　a
human　nose．　Depending　on　what　types　of　elements　are　apPlied，　there　have　been　many
sensors　developed；calorimetr量c　sensors，　metal　oxide　semiconduotors（1）and　quartz
sensors（2，3）．　Many　odor　sensors（electronic皿oses）are　also　manUfactured　by
commercial　compallies　and　can　be　appIied　in　a　wide　range　of　fields．　These　companies
include　UMA　Airsense（Germany），　Alpha　MO　S（France）and　C｝Trano　Scie皿ces　Inc．（USA）．
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　　　　However，　the　fbcus　of　the　odor　sensor　has　been　on　diffc）rentia工ion　of　the　product
ba、sed　on　detection　and　classification　of　vola廿le　vapors・　It　is　usefhl　as　a　fast　screening
tool　to　ensure　the　hulnan　sensory　panel　results　in　terms　of　discr二minatio！ちbut　it　does　not
pr・vide　a　direct　meas田ement　t・express　quality・r　acceptability　in　terms・f　a　li㎞9・・
disliking　of　the　odoエ．　Thercfbre，　to　fUlfi11　the　gap　of　the　sensory　a血d　the　sensor　assessrnent，
new　odor　sensor，　which　can　measures　the　odor　quality　and　its　acceptability，　is　intriguing　to
pursue，　Using　the　techn・1・gy　previ・usly　devel・ped④・Ehara　has　devel。ped　a　new・d・r
sensor．　New　developed　sensor　is　a　semiconductor　based　odor　sensor　which　incorporated
皿ultiple　metal　oxide　elements　that　ca皿respGnd　to　different　odor　moIecules　with　a　wide
range・f　sensitivity（5）．　Metal・xide　semic・nduct・rs　have　an　advantage・ver・ther
sensors　in　terms　of　the　fbllowi皿9　Properties；easily　constructed　and　sensitive　to　lower
vap・r　c・nce鰍i。n，　resistance　t・change　in　humidity　and　c・汀。sive　ac三d　vap・rs（6）・
Metal　oxide　sensors　also　have　a　wide　range　of　selectivity　because　of　the　abundance　of
electrons　on　the　surface　ofthe　semiconductor．
　　　　By　comb㎞g　different　semiconductor　materials，　the　developed　odor　sensor　can
resp・nd　sensitively　t・a　Wide　range・f・d・r　m・lecules（7・8）・This　sens。r　is　c・mprised
of　6　different　types　of　semiconductors，　doped　with　catalytic　metals，　with　different
conductibility．　Patterns　of　resistance　change　can　be　generated　to　create　a　specific　profile
f。r　v。1atile　c・mp・㎜ds　in　sample．　ln　c・mparis・n舳existing・d・r　sens・rs　the　mate「ials
in　thi　s　new　sensor　have　a　higher　sensitivity　te　a　broad　range　of　compounds，　and　so　the　odor
sensor　is　able　to　record　odo正compoun、ds　at　very　low　ppb　concentrations，　without　an　extra
pretreatment　of　the　sample・
　　　　　　　　　　　　　　　　　　　　　　　　s　　ロ　　　　As　already　1・・ked　int・’　previ・usly，　the　quality。f　the・d・r　has　a　mUltiple　dimensi・n・
F。曲s伽ce，　a㎜．。血a　is　perceivedお㎝㎜εav・rable。d・r・H・wever・when　it　is　diluted・
it　is。ften・c。㎡Used舳ape㎞e・fjasmine．　Thus，　quality・f・d・r・especiaily舳g・r
disliking。fthe・d・r，　c㎜・t　be　dete曲ed　by・nly　chemical　structural　formula　but　has　t°
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　サ　　　　　．depend。n血e　c・鯉㎜er・s　percepti・・．　The・d。r・f姻is出e血P・「tant　charactertstic
that　signifies　c・ns㎜ers・interest・in・f・・d　ch・ice・and　it　w・uld　be　very　usefUI　that　the・d°「
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sensor皿easures　the　odor　quality　in　terms　of　liking　or　dis1iking　in　human　perception．
Several　brief　stUdies　have　been　conducted　using　this　new　odor　sensor　to　measure　the
organic　vapors　of　several　food　products（9，10）・Preliminary　resu1ts　have　suggested　that
the　new　developed　sensor　may　have　a　capability　of　measuring　the　o　dor　strength　but　also
the　odor　quality　in　view　of　consumer　perception．
　　　　1皿this　chapter，　the　developed　sensor　and　the　apPlication　to　the　evaluation　of　odor
quality　is　described．　Method　of　measu血g　the　odor　quality　in　terms　of　the　consumer’s
liking　was　establi　shed　using　the　new　odor　sensor．
2．The　characteristic　of皿ew　odor　senor
1）Odor　sensor　preparation
　　　　Two　different　typ’es　of　elements（sintered　metal　oxide　and　thin－film　oxide）were
combined．　The　forrner　sensor　element　reacts　sensitively　to　o　dorant　compounds　With　1。w
molecular　weights，　perceived　as　light　odorants，　while　the　latter　sensor　type　is　more
sensitive　to　odor　compounds　with　relatively　large　moIecular　weights，　such　as　an
unsatUrated　aromatic　hydrocarbons　group　compound　like　toluene　or　metha皿ethiol，
perceived　as　heavier　odorants．　The　production　of　the　sensor　and　its　pエoperties　has　been
previously　described（4）．　A　total　of　6　semiconductor　sensors　were　cembined　in　this　odor
sensor　to　cover　a　broad　range　of　chemical　properties．　Each　sensorls　material　name　and
properties　are　shown　in　Table　1．
Table　lMaterial　and　propertie　s　of　6　sensors　in　the　o　dor　sensor
CK－1
CH－2
CH－3
CH－4
CH－5
CH－6
SnO2，　Sintered－metal　oxide
SnO2，　thin－fi　lm　metal　oxide
SnO2，　thin－film　metal　oxide
SnO2，　thin－film　metal　oxide
SnO2，　Sintered－metal　oxide
ZnO，　thin－film　metal　oxide
Nitrog n
Nitrogen
SUIfUr
Hydrocarbon
Alc hol，　Aromatic
SUIfUr
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　　　　The　sens加g　principles　of　the　metal　oxide　semiconductor　are　not　still　c至ear　but　it　can
be　explained　as　fbllows；metal　oxide　is　normally　produced　in　a　slightly　reduced　state，　but
oxygen　in　air　is　adsorb　ed。n出e　su血ce　and　forms　an　electron　depletion　layer　due　to　a　high
electron　aVainity　of　oxygen．　Thi　s　increases　resistance　of　the　semiconductor．　With　the
existence　of　feducing　gas，　an　oxidation　reaction　proceeds　against　the　adsorbed　oxygen　and
electro皿s　captロred　by　oxygen　are　released．　As　a　result，　the　resistance　of　the
semiconductor　decreases　and　voltage　in　the　circuit　drops，　The　reaction　details　also
change　depending　on　the　condition　of　the　coil　heating　temperatUre　and　sensing　materials．
Figure　l　shows　the　structure　of　the　sensor　circuit．
　　　　The　coil　and　the　semiconductor　compose　a　paralle豆resista皿ce　circuit（Rs　and　Rh）．
Rs　is　the　sensing　element　whose　resistance　varies　according　to垣jected　gas　composition
and　heater　temperature，　which　is　controlled　by　the　bridge　voltage　that　is　imposed　aoross　the
sensing　element．　Changes量n　combined　resistance　are　measured　when　an　odor　gas　is
adsorbed　onto　the　surface　of　the　sensing　element，　which　causes　electron　conductivity
Ghanges　to　decrease　the　Rs．　Changes　in　R　can　be　measured　as　a　change　in　voltage　since　a
sensing　element　is　incoq〕orated　hlto　the　bri　dge　circuit・
（Sensor　p把rallcl　rle　sistan｛鴻¢ircuit）
　　　　　　艮5侮曲onduc加⇒
　　　　　　　Rコ，hieater　corp
　　　　　　　Combine【S　reSistal　u　e（R）
　　　　　　　　　　　　　　RhxRs
　　　　　　　　　　R＝Rh十Rs
　　　　　　　　　　　　　　　　　　　－　¶、　　・
（Br孟d窓c　c五r｛きuit）
PtWer　s㎜e
Senser
　　　　＼
　　　　　　　output
Basic　electrie　c　ill　Ult
ad
Figuτe　l　　SimpIe　diagram　of　the　electric　ch℃uit；the　sensor　eIement　consists　of　a
　　　　　　　paralIel　resistance　circuit　of　the　semicollductor　and　heater　coiL　Combined
　　　　　　　resistance（R）is　converted　into　a　voItage　in　the　bridge　circuit，　wh量ch　is
　　　　　　　connected　to　the　counter．
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Figure　2．Schematic　diagram　ofthe　electronic　nose　structure
　　　　Asimple　diagram　，　of　the　odor　sensor　design　is　shown　in　Figure　2．　The　sensor　was
mounted　inside　a　30m　l　gas　chamber，　in　which　a　sample　plate　was　mounted　to　hold　known
amomts　of　the　tested　compounds．　The　cha皿ber　has　an　open　window，　whioh　can　be
sealed　tightl　y　afier　a　sample　was　placed　on　the　pl　ate．　Output丘om　the　bridge　circuit　was
connected　to　a　data　co皿ector　to　measure　changes　i皿resistance．　The　data　collector　was
linked　to　an　externa1　cenユputer　which　controlied　data　management　and　analysis．　Changes
in．　voltage　transmitted　through　the　data　collector　were　displayed　on　a　CRT　display　at
regular　t㎞e　intervals　and　the　data　was　processed　and　spider　graphs　were　generated　to
di　splay　the　sensor　response　at　any　given　time．
2）The　sellsitivity　ef　the　se皿sor
　　　　The　signals　f｝om　multi－sensors　are　analyzed　with　a　colnputer　and　the　odor　stre且gth
and　the　quality　of　odors　were　measured．　This　apParatus　is　capable　to　eva玉uate　the　odor
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siエength　and　the　quality　i皿this　apParatUs．
the　concentration　of　pPb　order　is　measured．
Figure　3．
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　The sensitivity　Characteristic　is　indicated　in
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Figure　3The　sensitivity　characterist量c　of　the　sensors　of　new　odor　sensor
3）Data・c・11ecti・叩r・cedure
　　　　Data　colIection　fbr　each　sample　was　conducted　as　fbllows．　The　platinum　coil　w圭re
upon　which　stntered－oxide　and　tin－film　oxide　metal　was　mounted　was　heated　up　to　300°C．
After　odor　compounds　were　released　i皿side　the　chamber，　the　odor　detector　started
collecting　odor　signal　arid　output　value　was　plotted　against　time．　When　the　output　value
reached　saturation　Ievel　after　l　min，　a　spider　graph　was　also　generated　to　see　the　instant
respo皿se　pattern　of　the　6　sensors．　The　da」ta　collection　process　lasted　fbr　about　5　min．
3．Materials　and　metbods
1）Samples　for　measurement
　　　　The　odor　of　multiple　fbod　products　and、　sox　was　investigated　to　dete㎜ine　the
sensor’s　response　to　real　fbod　products　with　different　odors．　These　are　wasabi，　lemon
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grass，　coffee，　lavender，　rose，　pine　needle，正emon，　fUnazushi，　oral　m．alodor，　deairated　beer，
blue　cheese，　dirty　sox，　natto　and　kusaya．　These　were　purchased　from　commercial　markets
to　ropresent　pleasant　and　unpleasant　odors．
　2）Se皿sory　evaluatio皿
　　　　Seve且subjects（Japanese，　female，　aged　20～35　yeaエs）were　selected　using　a
difference　test　with　重he　folloWing　comp　ounds　at　the　indicated　concentrations：
β一phenylethyl　alcohoHO4’o％（w／w），　methyl　cyclopentenolone　10－45％（w／w），　isovaleric
acid　l　O’5’o％（w／w），γ一㎜decalactone　l　O4’s％（w／w），　and　skatole　1α5’o％（w／w），（al1丘om
Daiichi　Ya㎞hin　K．ogyo　Co．，　Ltd．，　Japan）、　The　seven　assessors　evaluated　their　preference
f（｝rwasabi，　lemon　grass，　coffee，　lavender，　ro　se，　pine　needle，　lemon，　fUnazushi，　oral
malodor，　deairated　beer，　blue　cheese，　dirty　sox，　natto　and　kusaya　based　on　the　7－point　scale，
where　1　indicates　very　unpleasant　odor　and　7，　very　pleas　ant　aroma．　The　assessors　had　at
Ieast　a　3－min　rest　period　between　evaluations　of　samples．
3）Odor　sensor　analys童s
　　　　Fifモy　grams　of　each　sample　were　sliced　and　placed　in　tum　on　the　glass　plate　fbr
analysis．　On　the　other　hand，　oral　maloder　is　the　breath　a量r　after　ingesth1950g　of皿oodle
㎝dit　was　co11ected　in　a　c。nrmercial　plastic　bag　which　was　manufactUred　by　OMI
ODOAIR　SERVICE　Co．　Ltd．（Tokyo，　Japan）．
4．Results　and　discussion
1）Sensery　evaEuatio皿　』
　　　　The　average　values　for　each　sample　was　as　fbllows：wasabi　55，　Iemon　grass　6，1，
coffee　6．5，　lavender　6．5，　ro　se　6．3，　pine　needle　6．3，　lemon　6．4，　ftnazushi　4．5，0ral　malodor
1．2，deairated　beer　2．7，　blue　cheese　1．6，　dirty　sox　1．0，　natto　3．1　and　kusaya　I．3．　The
si留茄cant　dif驚rence　was　observed　between　the　fb㎜er　samples，　pleasant　odor　and　the
latter　saエnples，　unpleasant　o　dor．
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2）Odor　sensor　a皿alysis
　　①Measurement　of　pleasa皿t　and　u叩leasant　oder　samples
　　　　I　tested　som、e　kinds　of　f〈）ods　and　the　result　was　shown　in　figure　4．　Resistance　values
丘om　the　6　sensors　were　fed　into　a　processor　and　analyzed　by　computer　program　to　produce
responses　displayed　in　spideエgraphs。　I　fbund　that　responses　from　sensors　2　and　4　were
small，　and　those　from　sensors　3　and　6　were　greatly　enlarged　for　pleasant　smells．　On　the
other　hand，　for　unpleasant　smelIing　substances　the　radar　graph　shape　was　very　different．
For　instance，　na伽I　and　kusaya2　are　known　for　their　u血pleasant　smells，　in　comparison　to
the　ftUity　citnls　smell　of　lemon．1n　contrast　to　the　display　fbr　lemoエ』the　responses　for
natto　and　kusaya　had　a　similar　irregular　shape　due　to　the　small　respo皿se　of　CH　6　and　CH　3
（Figure　4）．　　Other　exam、ples　of　pleasant　spear－shaped　response　included　coffee　and
lavender，　a且d　unpleasant　odors　such　as　dirty　sox　and　blue　cheese　had　irregular　shapes　as
shown　in　Figure　4
　　（2）Definit量o皿of　F－valu¢and　S－val咀e
　　　　Odor　is　messed　up　beyond　aU　recogロition．　Ammonia　is　said　to　be　representative
malodor．　However　the　repeated　diIution　finally　results　in　a　perfUme　close　to　that　of
jasn血e．　It　parallel　s　betWeen　o　dor　and　sense　and，　fUrther　its　pleasant　or　unpleasant　odor
differ　greatly　in　individuals．　V岡hether　a皿odor　is　pleasant　or　unpleasant，　it　cannot　be
determined　from　its　chemical　structure　alone，　and　the　presence　of　difference　betweell
individual　measuring　conditions　make　it　more　difficUlt　to　reach　a　defnite　determination．
However，　from　a　few　cases　of　actUa1　application　regarding　sensors　fbr　eva互uating　odors，　it
is　thought　that　pleasant　or　u皿pleasant　odor　is　predicted　ffom　the　data　analyzed　by　these
　　　　　　　　　　　　　　　　　　　　　　　　、　　辱semiconductor　sensors．　　一
1Natto　is　a　p　opular　food　il　Japan　mad　e　by　fer　nentation　of　cooked　soybeans　with　Bucillu∬ubtiiis
　（natto），　and　has　a　characteristic　aroma　and　sticki醜ess．　It　contalns田any皿utrlents　onglnatmg
from　both　s　oybeans　as　vvell　as　f士om　intact　bacterial　cells　and　metabolites　ofB、　su肪lis．
2Kusaya　ls　a　speoiaUy　brined　and　dried　red　meat　sea　fish　produced　in　Izu量slands　located　in　the
soufh　of　Tokyo．　It　is　famous　fbr　its　malodor　a皿d　it　is⑪ften　the　subject　of　taste　controversies，
much　like　British　Marmite　a皿d　French　blue　cheese．　It　is　popular　among　people　lived　in　Tokyo
　Japan　fbr　its　unique　flavor　and　fbr　long　shelf　life・
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Figure　4　Spider　graphs　of　509　samples　of　pleasant　and　unpleasant　odor　showing　the
　　　　　　　　resista皿ce　values（mv）from　the　6　sensors　outputs（CH1－CH6）in　the　odor　sensor，
　　　　　　　　F＿va互ues　and　S－values
　　　　From　these　analytical　values　described　above，　the　quality　o　f　the　odor　can　be　defmed
by　the　F－value，　which　is　defmed　as　CH3＋CH6／CH2＋CH4．　The　strength　of　the　odor　can
be　defined　by　the　S－value，　which　is　defined　as　an　integration　of　the　area　under　the　spider
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　－　　N
graph．　This　fbrmu互a　is　contextUalized　fbr　odor　substances　distinguished　clearly　to　be
　　　　tpleasant　or　unpleasant　o　dor，　but　it　cannot　be　contextUaliZed　for　all　odor　substances．
　　　　As皿ensioned　above，　the　sigriificant　difference　between　pleasant　odor　groups　such　as
lemon　a皿d　unpleasant　odor　groups　such　as　kusaya　was　recognized　by　sensory　evaluation．
The　significant　difference　was　al　so　recogrLized　by　o　dor　sensor　measurement．
5．Conelusion
　　　　Food　aroma　or　odor　is　a　mixture　of　many　different　types　of　chemicaI　compounds　and
these　oompounds　are　correlated　to　create　a　unique　sensation．　For　instance，　ethy『l　alcohol
odor　is　not　itself　very　pleasant，　but　people　enjoy　its　smell　in　alcoholic　drinks，　mixed　with
odor　of　other　volatiles　created　during　fermentation．　Thus，　it　is　chal　lenging　to　develop嵐e
method　to　eyaluate　odor　quality　of　fbods　conveniently．
　　　　The　newly　developed　odor　sensor　consists　of　a　semiconductor　of　com『bined　sintered
and　thin　fi㎞．　metal　oxides．　The　fbmler　sensor　type　reacts　sensitively　to　light　odorants
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　コ（compo㎜ds　with　low　molecular　weights），　while　the　latter　sensor　type　is　more　sensit1ve　to
heavier　odor｛mts（compo㎜ds　with　rela甫vely　large　molecular　weights）such　as㎜saturated
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ロaromatic　hydrocarbon　group　compounds　like　toluene　or　metha旺ethio1，　perceived　as　heavler
odorants．　In　this　chapter，　the　development　of　a　sensor　analysis　metho　d　to　measure　a　few
kinds　of　odor　substances　was　described．　By　using　the　electronic　nose，　it　was　verified　that
an　electronic　nose　could　define　the　characteristics　and　strength　of　the　odor　in　terms　of
F＿value　a皿d　S－value　fbr　these　odor　subs伽ces．　These　are　the　substances　dis廿nguished
clearly　to　be　pleasant　or　unpleasant　odor　in　the　ra皿ge　of　livelihood・
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　　　　This　study　proves　that　the　developed　odor　sensor　has　a　featUre　fbr　eva正uating　Product
odor　intensity　and　quality　in　terms　of　pleasantness・In　the　rapid　process　ef　food　product
manufactu　ring，　thore　are　ma皿y　attributes　to　be　monitored，　but　the　most　impor励t　criteria
are　to　keep　Product　quality　favorable　fbr　consumers．　Usua正1y　both　sensory　and　GC
analysis　have　been　combined　to　measure　the　quality　of　odors．　Thus，　this　new　odor　sensor
analysis　has　the　advantage　of　being　a　convenient　method．　The　S－and　F－values　are　usefUl
concepts　of　odor　f（〕r　these　odor　substances，　and　the　fbrmula　is　derived　experimentally，　so　it
is　applicable　to　odors　of　these　kinds　of　fbod　products、　Also，　other　than　pleasantness　and
unLpleasantness，　it　could　also　be　possible　to　express　odor　characteristics　by　multiple　criteria．
Thus，圭n　fUrt’her　experiments，　the　odor　of　various　fbod　products　should　be　investigated　to
find　how　sensor　output　and　the　results　of　analysis　fbr　odor　compounds　are　related．
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C血apter　IV
1）eodor量zation
Deodorants
of　Off－odor　of　Sweet　Potato　by　Usi皿g　Physical　an“Che血cal
1．Introduction
　　　　BaSed　on　the　identified　odor血ipaCt　compOunds　information　identified　in　the　chapter　1，
vari　ous　deedorants　were　selecte4　and　its　efficacy　was　evaluated　using　the　new　odor　sensor
system．・・Be伽脚”・ne・f　the　sweet鵬t・c曲ars・that　is　being　devel・Ped　as　a
fbnctional　juice　rese斑bles　a　caπot　in　color，　odor　and　higher　content　ofβ一〇arotene（1）・
β一carotene，無depe血dent　of　its　role　in　the　fbrmation　of　vitamin　A，1s　ant1－ca皿cerous
as　evidenced　by　its　effectiveness　in　different　animal　species，　at　different　ca血cer
sites，　and　in　several　different　cancer　model　systelns，　by　using　different　induci119
agents（2，3）．
　　　　It　is　k且。幅hat　baked　sweet　p。tat・generates　a　pleasant　ar磁Studies　have
bee皿rep・rted・n　the　ar・血a　c・mp・unds　which　may　c・n励ute　t・the　t・tal　deligh側
aroma　of　the　baked　sweet　potato（4，5，6，7）．　Sun　et　aL　found　that　maltol　was　a
critical　c・mp・nent・f・the　・haracteristic　ar・ma・f　the　baked　sweet　P・tat・and　was
pr。du。ed　thr・ugh　the　Maillard　reacti・n，　caramelizati・n・　and　Strecker　degradati・n・
the　most　common　Inechanisms　in　the　thermally　induced　synthesis　of　characteristic
aroma　volatiles（8），
　　　　Alth。ugh　sweet　p・tat・has　a　9reat　P・te韮tial　as　an　ingredient拓r　the舳cti・naI
f。。d，　it　exhibits　p・tential　g｛’f－・d。r　in　the　b・重ling　Pr・cess・ln・肛s血dy・r・・ts・fthe
sweet　p・tat・。ultivar　were　steamed　by　stepwise　heating　and　mashed　t・h・m°gen°us
mixtures　and　saccharified　with　amylase　fbr　the　development　of　the　fUnctional　fbod．
H。wever，　it　was　n・ted　that　the　heating　and　saccharificati・n　pr・cesses　impa丘ed　n°t
・nly　the。haracteristic　sweet　p・tat・・d・r　but　als・aheavy　unapPetizing・d・r　in　the
mashed　sweet　potato　julce・
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　　　　In　this　chapter　we　evaluated　the　deodorization　ef匠cacy　of　the　three　different
deodorants　which　reduced　the　heavy　odor　generated　during　the　heating　Process　of　the
sweet　potato　juice．　The　first　deodorant　used　was　an　activated　oarbon（AC）with、　a　porous
structure　creating　a　broad　inner　surface　on　which　the　odor　components　are　adSorbed　by
Van　der　Waals　ferce．　The　second　deodorant　was　m．altosyl　cyclodextrin（MCD），
which　is　a　mixtUre　of　maltosylα一cyclodextrin　and　malto　sylβ・cyclodextrin，　which
was　enzymatically　produced　by　combining　maltose　with　cyolodextirn　to　enha皿ce
the　water　solubility．　MCD　encapsulates　the　odor　co1npo皿ents　into　its　cavities，　and
subseque皿tly　　deodorizes　the　unpIeasant　odor　or　solubilizes　the　insoluble
substances　in　water．　The　third　deodorant　was　apple　polyphenol，　which　is　oxidized
and　changed　into　a　quinone　type　structure　of　which　phenyl　hydroxyl　groups　react
with　compounds　containing　SH　or　NH　and　eliminates　the　foul　smelL　This　type
of　the　reaction　is　called　a　chemLical　deodorization，
　　　　To　show　qua皿titatively　the　degree　of　reduction　in　the　heavy　odor，　the　sanユples
of　the　sweet　potato　j　uice　treated　With　three　di　fferent　deodorantS　were　evaIuated，　by　u　s　i　ng
the　olfactory　meter，　the　se皿sory　analysis　and　GC－MS．　Since重he　mechanism　of
deodorization　for　each　deodorant　differs　depending　on　the　odor　compOnents，　the
deodorization　scheme　of　each　deodorant　for　the　identified　odor　compounds
mechanism　was　also　explai血ed．
2．N匡aterials　and　methods
　1）Prepar縦tio皿of　sweet　potato　j　uice
　　　　After　steaming　lOkg　’of　sweet　potato　by　stepwise　heating（at　60－65°C　for　2．5
hrs　and　at　100°C　fbr　lhr），181iters　of　water　and　509α一aエnylasc（Uniase　BM－8；with
aspecific　activity　of　80，000urrits／g）were　added　and　the　mixture　was　incubated　fbr
3hrs　a重80°C．　ThLe皿509β一amylase（Uniase　L，　with　a　specific　aotivity　of　80，000units／9）
was　added　to　the　partially　hydrolyzed　starch　of　saccharified　sweet　potato　and
incubated　at　55°C　fbr　lhr，　and　then　50g　of　glucoamylase　was　added　and　the
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mixture　was　incubated　at　55°C　for　a　further　period　of　1　hr．
2）】）eoderaitts
　　Two　kinds　of　physical　deodorants（AC　Japa血Enviro　Chemicals，　Ltd　and　MCD
fro皿Bio　Research　Corporation　of　Yokohama，　Japan）and　a　chemica1－based
deodorant（AP　from　Asahi　Breweries　Ltd．　Japan）were　assessed・The　AC　had　a
BET　specific　surface　area・f　1077m2／9，　specific　p・re・v・iu皿e。f　O・639m1／9　and　an
average　pore　dia〕meter　of　2．37nn〔1．　Two　perccnt　of　each　deodorant　was　added　to
juice　samples　fbr　analysis・
　3）Eva且nation　of　deo“orizatio皿efficiency
　　（1）］E藍ectro皿ic皿ose　a皿a翼ysis
　　New　developed　sensor　was　used　fbr　the　assess皿ellt　of　the　odor　strength．　Two
different　types　of　sensor　eIe1血ents，　one　（sintered　加・etal　oxide）　that　is　highly
sensitive　to　low　molecular　weight　odor　co皿pounds（generally　perceived　as　Iight
odors　by　hulロan　senses），　and　the　other　（thin－fi五m　oxide）　that　is　sens三tive　to
relatively　large・m。leculaf　weight・d・r　c・mp・unds（su。h　as　the　unsaturated
ar。matic　hydr・carb・ns　like　t・1uene，。r　v・latile　sulfur。・mp・unds　such　as
methanethi・1；generally　perceived　as　heavy・d・rs　by　human　se皿ses）were　ch・sen
fbr　the　electronic　nose　analysis．　The　production　and　preperties　ofthe　sensors　have
bee皿、ep・rted　previ・usly（9，10）．　This　electr・nic　sens・r　c・nsisted・f　6　se血i－
conductor　sensors　combined　to　cover　a　broad　range　of　chemical　propertfes・　The
material　and　characteristiCs　of　each　sensor　are　described　in　Table　1．
Table　l　Ma‡erial　and　proper鍾es　of　six　sensors　in　the　el㏄tromo　nose
Sensor M且terial SelectiVity
CH－1
CH－2
CH－3
CH－4
CH・5
CH－6
S血（）2，Sintered－metal　oxide
SnO2，　Thin－fi㎞、　metal　oXide
SnO2，　T正血一租m　metal　oxide
SnO2，　Thin－i㎞　metal　oxide
SnO2，　Sintered－metal　oxide
ZnO，　Thin－fU正n與e刎oxide
Nitrogen
Nitrogen
SUIfUr
Hydrocarbon
A王coho1，　Arom且tic
SUIfUr
ろξ
◎dor　son80r
8emi㈱ロetor
di餐eren電electric
prope雌ies
StmiPte
ve3soI
Sample　holderHe7くagon　chart
plotter
Analog　Plot重er
Figure　l　The　schematic　diagram　of　the　electronic　sensor　design
　　　　As　shown　in　the　schematio　diagram　of　the　eIectronic　sensor　design　in　Figure
1，the　6　sensors　were　mounted　in　a　30　ml　capacity　gas　chamber，　in　which　a　heat
resistant　cup　w紬3ml　of　the　sample　was　placed．　The　chamber　contained　an　open
window，　which　could　be　sealed　tightly　after　placing　the　sample　on　the　plate．
Output　from　the　bridge　circuit　was　co皿nected　to　the　data　collector　fbr　the
measurement　of　change　i皿resistance．　The　data　collector　was　Iinked　to　an　external
computer　equipped　with　the　software　to　handle　the　data　processing　and　analysis．
VoItage　cha皿ges　transmitted　through　the　data　coIlector　were　disp正ayed　o皿aCRT
display　at　specific　time　i耳tervals　and　processed．　A　radar　chart　was　also　generated
to　show　the　sensor　response　at　any　91ven　tlme　polnt・
　　　　Data　collection　for　all　the　samples　was　conducted　ln　the　foUowing　1nanner；a
platinum　coil　wire，　upon　whioh　sintered－oxide　and　ti血一film　oxide　metals　were
mounted，　was　heated　up　to　300°C．　Soon　after　the　odor　compomds　were　released
inside　the　chamber，　the　odor　detector　started　collecting　odor　signals．　and　the
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output　values　were　plotted　against　time．　The　instant　response　pattern　of　the　6
sensors　was　evident　on　a　radar　chart　generated　immediately　after　the　outputサalue
reached　a　saturation　level　in　l　min　of　measurement．　The　data　collection　process
lasted」f（）r　about　5　min．　Strength　of　the　odor　was　c田culated　and　defined　as　S．value，
which　i皿tegrates　the　area　under　the　radar　chart．
　　（2）GC－MS　anaLysis　　　　　　　　　　　　　・
　　　a．］P】reparation　of　the　samp亘e
　　　　Volatiles　were　concentrated、on　porous　polymer（Tenax　TA）precolumns　by
bubbling　with　N2　at　a　rate　of　80　ml／min　fbr　60　min　at　50℃。　The　Tenax　tube　was
placed　in　the　heating　block　of　the　TCT（Thermal　desorption　Cold　Trap）injector
and　heated　at　200℃to　desorb　the　volatiles．　Trapped　volatiles　were　injected　into
GC－MS　by　using　the　TCT　i可ector，　and　the　total　ion　chromatograms　were　obtained．
　　　b．Cond託ions　for　the　GC－MS　analysis　of　sweet　potato　edor
　　　Apparatus，　GC　Hewlett－Packard　Mode16890，　MS　Hewlett－Packard　Model
5973；column　temperature　was　held　at　40°C　fbr　101nin，　programmed　to　rise　f士om
40°C　to　2⑪O°C　at　5°C／min；fused－silica　capillary　column（GL　Science，　TC－WAX）
0．25mlnx60m．　O．25μm　film　thickness；carrier　gas，　He（100kPa）；EI　Inode，　at　70
eV；ion　source　temperature，230°C；GC－MS　interface　temperature．230°C．　A
library　search　was　carried　out　using　the　W｛ley　GC－MS　Iibrary．
　　　c．Reaction　assessme皿t　between　the　characteristio　compounds　of　the　sweet
　　　　potato　and　AP
　　　　The　reaction　between　the　characteristic　compounds　of　the　sweet　potato　and
AP　was　studied　using　the　following　staロdard　reagentsl　Benzaldehyde　and　linaloo1
（Wako　Pure　ChemicaHndustries，　Osaka，　Japan）．
　　　d．Sample　preparation
　　　　Standard　gas　was　prepared　as　fbllows；0．1g　of　ben・zaldehyde　and　O・玉g　of
linalool　were　placed　in　a　tightly　sealed　20ml　glass　vial　and　after　incubation　for　lhr
at　25。C，2ml　ofthe　standard　gas　was　mixed　with　O．2g　ofAP　in　the　same　vial　and
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incubated　fbr　15　min　at　25°C．　The　headspace　gas　was　then珂ected　into　the　GC－
MS　with　a　headspace　sampler．
　　　f．GC－MS　cendition
　　　　Column，　fused－silioa　capillary　column　（GL　Science，　TC－WAX）0．25
mm×60m，0．25μm　film　thic㎞ess；column　temperature，　programmed　to　rise　from
ユ00℃to　200℃at　5°C／1nin；ca肛ier　gas，　He（100kPa）；El　mode，　at　70eV；ion
source　temperature，230°C；GC－MS　interface　temperature，230eC．　Motor塊
ions；童n／z　106，77（benzaldehyde）；m／z　93，71（1illalool）
　　　9．Head－space・sa皿pler
　　　　Apparatus，7694（Agilent　Technologies，　Inc．）；oven　tempera加re，600C；vial
heating　tilne，　O．1min；100p　temperature，190°C；transfbr－temperature，220°C；vial
pressurization　time，0．3畑n
　　（3）Sensory　evaluation
　　　　　Assessors　consisting　of　20　students　of　Tokyo　Bunka　collage　were　trained　i且
evaluating　the　degree　of　offLodor　in　boiled　sweet　potatoes　at　the　preliminary
session．　Raw　sweet　potato　juice　was　diluted　to　di　fferen、t　concentrations　in　water
and　served　in　small　containers．　Tho　containers　were　kept　sealed　u．ntil　the　judge
was　asked　to　sniff　them．　A血ark　was　assigned　fbr　the　intensity　of　off」odor　o皿a
scale　ranging　between　O－5，　where　zero　was　considered　the　weakest　a血d　5　was　the
strongest．　In　order　to　calibrate　the　pane1，　each　panelist　received　and　scored　the
sweet　potato　juice　samples　at　different　concentration　levels．　1皿the　fbllowing
discussion，　a　consensus　fbr　scoring　was　reached　to　evaluate　the　odor　defect　in　the
suわsequent　sensory　evaluation　according　to　the　consensus　scores　assigned・　Once
the　panelists　were　trained，　the　effect　of　offLodor　reduction　by　thc　AC，　the　MCD
and　the　AP　treatment　was　evaluated．　Thirty　ml　of　the　sweet　potato　juice　sample
was　served　in玉00　ml　glasses　as　an　origi血al　sample．　Sweet　potato　juice　was　mixed
with　AC，　MCD　and　AP　to　make　2％of　each　sample　preparation，　respectively。　The
four　individual．samples　were　randomized　over　judges　so　that　all　possible　serving
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combinatio且s　occurred　and　presented　to　judges　in　equal　number　of　times．　Four
samples　were　presented　on　the　tray　and　eva正uated　fbr　the　intensity　of　offLodor　in
the　order　from　left　to　right．　Session　was　repeated　fbr　3　days　until　all　the
combinations　were　evaluated．　Two－way　analysis　of　variance　using　the　deodorants，
the　judges　and　their　i皿teraction　as　variable　factors　was　conducted　to　calculate　the
significance　of　the　results　obtained　from　the　6－point　scale．
3．1監esults　an“discussion
　　　　During　the　development　and　processing　of　sweet　potato　as　a　fUnctiona1　food，　it　has
been　reported　that　the　boi1血9　Process　causes　an　unfavorable　heavy　odoL　The　deodora皿t
which　most　effectively　reduces　the　unappetiZing　odor　of　heated－saccharified　sweet　potato
was　identified　by　using　the　3　different　analyses，　the　electro皿ic　seロsor　analysis，　the　sensory
anI通ysis　and㏄一MS．　Subsequently，　the　odor　reduc廿on　m㏄hanism　of号ach　deodora皿t　for
the　identified　flavor　compounds　was　explained．
1）Resu藍ts　of　deo面r伽tion　by　3　metbods　of　eval耐藍on
　　（1）】巳豊ectronic　nose　measurement
　　　　The　deodof屹ation　ef五ciency　was皿easured　by　electronic　nose，　which　is　represented
by　the　S－value．　The　smal　ler止e　S－value　is，　the　weaker　the　odor　strength　i　s．
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　CH－1
CH．6
CH－5
き、気・
xN
CH－2
CH－3
Raw　j　Ulce
一一一`C
－・…’lCD
・一…`P
CH－4
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Figure　2　Deodorization　of　sweet　potato　odor　by　3　kinds　of　deodorants
Radar　chart　from　the　6　sensors　outputs（CHI－C正｛6）of　the　electronic　sensor
血easurement　of　the　6　m重sweet　potato　juice　samples
Broken，　thin　sol｛d，　dot　chain　and　dotted　li且e　indica‡c　sweet　potato　juice，
juice　with　2％AC　and　luice　with　2％MCD　and　juice　with　2％apple
polyphenol　respectively，　with　the　sensor　output（mV）of　each　sensor，　F－value
and　S－value．　Sweet　potato　juice；F＝2．700，　S冨17222　AC；F＝1・772，
S＝10630cyclodextrin；F＝：2．2179，　S冨11833　AP；F＝1．739，　S＝17390
　　　AC　treated　sweet　potato　juice　showed　the　smallest　S－value　of　l　O630　and　AP　treated
sweet　potato　juice　had　the　largest　S－value　of　17390（Figure　2）．　Tllese　results　col血rmed
that　among　the　3　deodorantS　used　AC　had　the　highest　deodorization　efficiency．
　　（2）Sensory　evaluation
　　　　Res韓s・n血e　m蜘le　c・mparis・n　sens・ry　assessme血ts・f止e　de。d・rant　are
presented　in　Table　2．　There　was　a　signi　ficant　diflference　betWeen　the　score　of　the　off－odor
stre皿9th　for　thrree　deodorant　treated　sweet　potato　j　uice（ANovA，　P〈o・ol）・T　he　score　from
the　lowest　to　the　highest　score　was　in　the　order　of　the　sweet　p｛）tato　juice　sample　treated
輌th　AC，　with　MCD，　wi寸h　AP　and　no　treatment．　There　was　no　signifioant　interaction
betwee並judges　a皿d　treatments，　which　means　that　judges　showed　a　similar　trend血
att曲uting　thLo　highest　score　to　AC　and重he　lowest　to　untreated　sample．　A　Tukey　mu正tiple
comparison　was　conducted　to　evaluate　the　signifioance　of　the　edor　intensity　arnong　the　AC
treateCt　the　MCD　treated，　the　AP　treated　samples　and　the　no　treated　sample．　The　AC
treated　and　the　MCD　treate－d　sample　showed　a　significant　difference　but　no　significance
was　fbund　between　the　AP　treated　sample　and　the　no　treated　sample（Tukey　HSD，　p〈α01，
P＞0．05）．From　these　results，　it　was　clear　that　while　the　AC重reatロ1ent　had　the　strongest
deodorizatio血effect，　the　AP　treatment　showed　almost　no　effect　on　reduci血9　the　off－odor　of
the　sweet　potato　juice．
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　　　Table　2　mean　values　fbr　sensory　eval　uation　scores　ef　the　off－odor　intensity　for　each
deodoraIlt　treatme〔王t1．
TreatmentAC MCD AC No　treatnlent
Average
（Std　dev）
1．75且
（0．44）
2．95b
（0．22）
3．60°
（0．50）
3．75e
（0．44）
1AC＝Activated　carbon　treated　sweet　potato　j　uicc．　MCD－maltosyl　oyclodextrin
treated　sweet　pota‡o　juice．　AP－apPle　poIyphenol　tτeated　sweet　potato　juice．
a，b，c・mean励out　a　common　letter　differ　e＜0，01）accord血g加T櫨ey　HSD
　　（3）㏄一MS　analysis
　　　　The　volat皿es　in　the　headspace　were血easured　by㏄一MS　and　20　main　compo且ents
were　identified（Table　3）．　Ioll　chromatograms　of　headspace　vola‡iles　in　the　3　treatments
are　shown　in　Figures　3（a），（b）and（o）．　The　deodorization　efficiency　of　the　3　kinds　of
deodorants　was・as　fbllows．
　　　　　AC；The　intensity　of　all　the　peaks　was　reduced　by　AC，　and　thLe　extent　of　reduction
was　the　largest　in　comparison　te　the　other　deodorants．　The　peak　intensi柱es　of　130f　the　20
main　odor　compOnents　were　lowered　to　less　than　peak　height　5，　which　was　the　m加imum
limit　of　detectio皿．
　　　　　MCD；］h　sharp　contrast　to　AC，　only　one　of　the　20　main　odor　compone曲was
reduced　to　less　than　peak　height　5．　S血cc　the　maximum　vacancy　size　ofβ一cyclodextrin
was　O．70㎜，1肛ger舳血at鉤rα一cyclo　dex癒n，　no皿e　of血e　coml玲曲co面enter面s
vacancy，　as　this　dependS　on　the　orientation．　Therefbre，　it　is　likely　that　only　a　small　amou血t
was　enveloped　by　MCD　in　compar　ison　vvith　the　amount　adsorbed　by　AC．
　　　　　AP；The　intensities　of　almost　aIl　the　odor　co皿ponents　were　the　highest　in　the　AP
treatment，血dicating　a　veπy　low　deodohza　ion　e伍clency　of　the　compo㎜ds　listed　in　Table
3．However，　since　AP　has　been　shown　to　rapidly　deodorize　thiol　compounds（11，12），　it　is
thought　that　the　odor　components　of　sweet　potato　did　not　react　with　the　AP　due　to　low
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皿uoleophilicity．　The　POor　deodorization　efficiency　of　AP　fbr　sweet　potato　odor　was　also
confirmed　by　electronic　sensor　measurement　and　sen、sory　experiment．
Figure　3
38亀§h§§僧
17
跡
｛b》
亨 13
1， 1415
6
1 1 糧
19
8 10
一
言 2
コ 17 o
8 ‘の
4 6
1
11
雪314
葛
1
3 5
コ菖9
1
，0
¶
顧 A
0　　5 ¶o 警5 20 25 35 ⑳ 45　　　0
Total　ion　chromatogram　of　sweet　potato　juice　samples
72
　　　deodorized　by　AC（a），　MCD（b）and　AP（c）
　　　　　Peak　identification　numbers　correspond　to　compounds　listcd　in　Table　3．
These　volatfie　compounds　were　characterized　by　GC－MS　u且der　the　analytical
conditions　described　in　tho　text．　Values　were　expressed　inpV・sx10．　Volatiles
using　TC－WAX　ooated　with　60m×0．25mm　fused－silica　capilIary　are　described　in
the　text．
　　　　Thus，　oo並sidering　the　resUlts　obta孟ngd　it　may　be　inferred　that　AC　had　the　highest
deodorization　effioienoy，　fbllowed　by　MCD，　and　then　last王y　AP　with　min重mal
deodorization　efficiency．
　　　　　Comparison　of　the　3　deodorants；While　a　comparison　between　the　AC　and　the　AP
treated　samples　revealed　夏arge　differences　in　the　odor　intensities　of　benzaldehyde，β一
cyclocitral　a皿dβ・io且011e，　on正y　a　small　difference　in　odor　i皿tensities　was　noted　fbr　acetone，
ethyl　acetate　and　diacetyl．　BHT（Butyl　hydroxyl　toluene）which　is　not　an　odor　co皿ponent
but　rather　an　a面oxidant，　may　be　a　co滋ami皿ation丘om　the　polypropylene　vessel　s　used　fi〕r
present　experment．　A星though　the　intensi旬ofBHT　i薙出e　MCD　treat田e煎was　20％of｛hat
o『b唐?窒魔?─氏D　the　AP　treatmLent，　in　the　casc　of　AC　treatment　it　reduced　even　fUrther　below
the　minir匝um　limit　of　detection．
　　　　　While　AC　is　unab董e　to　adsorb　odor　c⑪mpOnents　selectively，　it　adsorbs　even
fUnctional　components．　On　the　other　hand，　MCD　e纐b三ts　some　adva曲ges　such　as　in
making　a　complex　with　and　stabiHzing　theβ・carotene　which　is　usually　unstable
｛ndependently　in　the　sweet　po重ato　j　uice，　and　fUrthermore，　MCD　is　also　fUnctional血
dccreasing　the　va孟ue　of　ch61esterol（13）．　The　deOdo1iZatien　efflciency　of　some　p正a煎
polyphenols　has　earlier　been　investigated．　For　instance　t血e　tea　catech血e　reacts　with
正nethanethiol，　the　1皿ain　component　ef　oral　malodor，　and　deodorizes　the　ofal　ma互odor（14，
王5）．
2）Adsorptio血of　odor　compo盤ents　w髭h　AC
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　　（1）Adsorption　with　AC
　　　　The　differential　pore　diameter　distribUtion　curve　of　the　AC　used　hl　this　study　is
shown　in　Fi　gure　4．　The　average　pore　diarneter　was　about　2．4皿and　the　diameter　of　most
poles　ranged　between　15－6㎜．　Since　the　1argest　known　molecUle　of　the　odor　compOnentS
血the　swe就幽to　is　ger㎝yl　a。etone，舳a面ameter。f　1．45　nm　on　the　maj。蘭s，　it　is
expected　that　all　the　odor　co皿POnent　molecUles　are　small　enough　to　enter　the　micropOres
of　the　AC．　However，　the　AC　differed　in　itS　adsorption　removal　ability　of　the　irユdiVidual
odor　components．　It　i　s　thought　that　the　odor　removal　ability　dependS　on　the　difference　of
physical　a血d／or　chem孟cal　i血teractions　betWeen　the　AC　surface　and　the　odor　components．
　　　　Since，　several　ki皿ds　of　coexisting　odor　compOnentS　in　water　were　removed　by　the　AC
adsolption，　it　is　difficult　to　evaluate　the　POtential　physical　and／or　chemical　i皿teractions
between　the　AC　surface　and　tlle　respective　odor　components．　Theref｛）re，　although　the
index　did　not　ref【ect　all　of　the　pOtential　i皿teractions　mentioned　above，　the　Hydrophile－
LipOphile　B　alance，肌B（16，17）uti1セed　shows　a　quantitative　balallce　of　hydrophilicity
and　hydrophobicity，
Figure　4
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　　（2）R、elationsbip　between　peak　intensity　and肌B・value
　　　　　Table　3　shows　the　HLB　values　for　the　l　s　main　odor　components　identified
in　the　sweet　potato　jUice　samples．　The　pcak　intensities　of　e蹉ch　compound　aftcr
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deodorant　treatments　are　also　shown．　The　peak　intensity　fbr　acetone（Peak　No．1）
was　141　an．d　acetone　was　not　removed　completely　even　after　the　treatment　with
AC．　In　this　regard　we　speculate　that　the　relatively　high　hydrophilicity　fbr　acetone
whose　HLB　value　was玉0．8，　provented　much　adsorption　on　the　AC．
　　　　Simi正ar　was　the　case　with　MCD，　which　removed　only　a　smal董amount　of
acetone．　Although　acetone　being　small　in　size　could　be　enveloped　easily　in　its
vacancy，　the　irmer　hydrophobic　environment　prevented　the　hydrophilic　acetone
from　being　adsorbed．　Ethy董acetate　with　a　relatively　high　hydrophobicity　showed
higher　HLB　vaiue（Peak　No。2）and　the　peak　intensity　remained　higher　after　the
AC　treatment．　When　treated　with　the　AP　deodorant，　the　peak　intensity　fbr　ethyl
acetate　was　approxi血ately　4　times　larger　tha皿that　fbr　aoetone．　On　the　co皿trary，
the　peak　intensity　fbr　acetone　was　slightly　larger　than　that　fbr　ethyl　acetate　during　AC
treatment．1血comparison　to　the　AP　treatment　a　oonspicuous　reduction　in　the　peak
intensity　was　noted　in　the　AC　treatment．　The　most　probable　reaso皿fbr　such
observations　was　the　hydrophilic　and　hydrophobic　nature　of　acetone　and　ethyl　acetate，
respectively．　In　tune　with　the　above　results　dia㏄‡yl（Peak　No．3），　which　was　the磁ost
hydrophiIiG　among　all　the　other　odor　components　showed　a肌B　value　of　16．3．　Although
the　strong　hydrophilic　natUre　of　diacety1　made　it　difl！icUlt　to　b　e　adsorbe¢　itS　peak　intensity
was　small　after　the　AP　treatment．　This　indicated　that　the　conoentration　of　d｛acetyI
originally　present　in　the　sweet　potato　was　low．　S　imilarly，　in　comparison　to　the　acetone　and
ethyl　acetate，而ch　showed　lower　hydrophilioity　than　diacety1，　a　greater　reductio血in　the
peak　intensity　of　diacetyl　was　noted　after　treatment　with　AC．　With　regard　to伽other　odor
components　such　as　toluen6（Peak　No．5），2－methyl－2－butena　1（Peak　No．7），4－methy　1－3－
penten－2－one（Peak　No．8），2，2，6－tmethylcyclohexanone（Peak　No．11），3，5，5－trimethy　1－2－
cyc1ohexene－1－one（Peak　No．12），2－ethy　1－4，5－dimethylpheno1（Peak　Noユ3），　cyclo－
isosativene（cycloisosative）（Peak　No．14），β一cyc1㏄itra　1（Peak　No．17）and　2，6－di－tert－
butyl－P－hydroxy　toluene（BHr）（Peak　No．19），　all　of　them　were　adsorbed　by　th¢AC　up　to
lower　than　peak　height　5、　TLe　HLB　valuc　of　theso　compounds　ranged　between　1．07一
75
7．44，indicating　a　relatively　higher　hydrophobicity　and　Iower　hydrophilicity．　This
aspect　suggests　that　the　AC　could　adsorb　these　compounds　more　efficiently　due　to
its　strong　hydrophobic　surface．　In　addition　to　the　above　components，　three
unknown　compo血ents（U．K；Peak　No．6，9　．and　10）were　also　strongly　adsolbed　by
the　AC，　which　suggested　that　they　also　were　strongly　hydrophobic　in　nature．
Unexpectedly，　even　though　the　HLB　vaIues　of　benzaidehyde（Peak　No．15），　gera皿yl
acetone’i6，IO－dimetylundeca－5，9－dien－2－one，　Peak　No．18）andβ一ionone（Peak　No．20）
were　highly　hydrophobio，　they　were　not　removed　oompletely　after　the　AC
treatlnent．　Judging　from　the　residual　amounts　of　these　comPonents　detected　after
the　MCD　and　the　AP　treatments，　it　is　thought　that　the　initial　concentrations　of
these　odor　co孤pone皿ts　were　very　high．　Generally，　adsorptlon　in　multi－
colnponents　system　is　influenced　by　the　AC　dose，　the　concentration　of　the
adsorbate，　the　other　kinds　of　coexisting　substa且oes，　and　the　time　of　contact．　If　the
conce且tration　of　the　adsorbate　to　the　amount　of　AC　is　low，　the　adsorption　ratio　of
the　adsorbate　increases　and　oonsequently　tho　quantity　of　the　adsorbate　in　the
solUtion　system　decreases．　Conversely，　if　the　concentration　of　the　adsorbate　to　the
amount　of　AC　is　high，　then　the　adsorption　ratio　of　the　adsorbate　is　lowered　and　as
aresult　the　quantity　of　the　adsorbate　in　the　solution　systenl　does　not　decrease
significantly．
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Tab萱e　3　Size　and　HLB　value　ofthLe　ma加corロpounds　in　sweet　potato　odor　and
　　　　　the　quantities　of　each　compound　after　deodorant　treatments
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3）E皿ve置opme皿t　of　the　oder　compene皿ts　with　MCD
（1）Peak　No．1，2，3and　5
　　As　mentio皿ed　earl　ier，　since，　cyclodextrin　has　the　capability　of　enveloping
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various　kinds　of　compounds　into　its　cavities　by　fbrming　oomplexes　with　them，　it
was　observed　that　MCD　showed　lower　GC－MS　peak　intensities　in　comparison　to
AP，　indicating　its　relatively　higher　deodorization　efficiency（Table　3）．
　　　　Both　acetone（Peak　No・1）and　diacetyl（Peak　No．3）possess　the　ketone　group　and
comparatively　higher　hydrophilicity．　A　significant　dif驚rence　wa£皿ot　observed　when　the
peak　intensity　of　Ma）and　that　of　AP　were　compared．　From　the　peak　intensity　data　ef
ethyl　acetate（Peak　No．2），　there　was　no　difference　at　al　l　b　etWeen　the　MCD　a皿d　the　AP
deodorants　which±ndicated　that　these　deodorants　did　not　effioiently　adsorb　ethyl　acetate．
　　　　While　the　size　of　toluene　is　just　adequate　to　enter　i且to　the　cavities　ofα一
cyclodextrin，　it　also　can　be　enveloped　byβ一cyclodextrin　in　a　loose　man且er　with　i且
theγ一〇yclodextrin　cylinder（18）（Szejtli，1981）．　As　shown　in　Table　2，　while　the
i皿tensity　values　for　toluene　upon　treatment　with　MCD　and　AP　were　quite　similar，
ahigher　intensity　value　was　observed　witll　the　AC　treatment．　Although　the　exact
mechanis血or　reason　fbr　the　above　result　remains　unclear，　we　speculate　that　this
may　be　due　to　the　influence　of　the　coexisting　odor　components　during　the　the
formation　ofthe　CD　complex、
　　（2）Pe2kNo．7　a皿d　8
　　　　The　chemical　structure　of　2－methy1－2－bute且a1（Peak　No。7）is　fbllows；
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　CH3
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ノミ／CH。
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　H3c
and　that　of　4－methyl－3－pentene－2－one（Peak　No．8）is　follows；
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　H3c惣CH。
　　　　Both　have　a　si翻lar　chemical　structure，　and　their　peak　intensities　were　also
reduced　almost　equally　by　MCD，　without　any　steric　hindrance．
　　（3）Peak　No．11　and　12
78
　　　　The　chemical
follows；
structure　of　2，2，6－trimethyl　cyclohexanone（Peak　No．11）is
H3C
0
CH　　　3
CH　　　3
and　3，5，5－trimethyl－2－cyclohexene－1－o皿e（Peak　No．12）is　follows；
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　0
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　H8C
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　H3c　　　　　CH，
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　！／r”’
　　　　Again，　both　the　compo㎜ds　have　a　similar　chemical　structure，　and　MCD
reduced　them　by　a　similar　amount　relative　to　AP　treatment　peak　intensities．
However，　the　reduction　was　much　lower　than　fbr　2－methyl－2－butenal（Peak　No．7）
and　4－m．ethy1－3－pente皿e－2－one（Peak　No．8），　probably　because　the　cyclohexanone
and　the　cyclohexene　compounds　possess　several　methyl　groups　around　the
benzene　ring．
　　（4）Peak　No．13，14　and　15
　　　　The　peak　intensities　of　2－ethy1－4，5－dimethylpheno1（Peak　No。13）and　cyclo－
isosativene（Peak　No．14）after　MCD　treatment　were　o皿ly　slightly　Iower　than　that
for　AP．　The　reason　fbr　the　observed　absence　of　any　significant　difference　between
the　2　compounds　is　attributed　to　their　high　molecular　weight　and　the　occurrence　of
several　side－chai血groups．　In　particular，2－ethyl－4，5－dirnethylphenol　possesses　one
ethyl　and　two　methyl　groups　and　its　peak　intensity　was　reduced　less　than　that　of
CyClOiSOSatiVene．
　　　　It　was　expected　that　benzaldehyde（Peak　No．15）would　be　strongly　enveloped
by　MCD，　based　on　the　crystal　structure　study　of　the　complex　between
benzaldehyde　and　cyclodextrin　by　Harata　et　al．（19）．　As　shown　in　TabIe　3，　with
regards　to　benzaldehyde　the　peak　intensity　of　MCD　was　much　lower　than　that　of
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AP．
　　（5）Peak　No．17，18，19　a皿d　20
　　　　Szente　et　al・　stUdied　the　terpenoid　and　cyclodextrin　complex　（20），　and
reported　that｛z－cyc互odextrin　has　an　appropriate　cavity　fbr　hemi－alld　monoterpenes
bロtnot　fbr　higher　isopreneids．　β’cyclodextri皿was　reported　to　fbrm　stable
inolusion　complexes　with　both　mono－a皿d　sesquiterpenes，　while　y－cyclodextri煎has
the　most　adequate　cavity　fbr　sesqui　and　diterpenes．　On　the　other　ha血d，　Aj　isaka　et
al・（21）studied　the　fbmユatio皿of　i皿clusion　complexes　betwoen　various　kinds　of
terpenoids　and　MCD．　In　the　present　study，　the　peak　inte並sity　ofthe　terpe皿oid，β．
cyclocitra1（peak　Ne．17）treated　with　MCD　was　sIightly　smaller　than　with　AP
treatment　Hence，　it　is　thought　that　the　occurrence　of　several　methyl　groups　inβ一
cyclocitral　makes　it　difficult　to　fbr正n　CD　complexes，血accordanoe　with　previous
report　on　the　envelopment　ofterpene　compounds　by　Ajisaka　et　al．（21）．
　　　　On　the　other　ha皿d，　the　peak　intensity　of　gerallyl　acetone（Peak　No．18）was
considerably　reduced　by　MCD．　Ionone　is　formed　as　a　result　of　the　reaction
between　citral　and　acetone，　a血d　possesses　a　violet－Iike　odor．　As　shown　in　Table　3，
the　peak　intensity　ofβ一ionone（Peak　No．20）with　MCD　was　smaller　than　that　with
AP．　The　chemical　stmoture　ofβ一ionone　is　fbllows；
　　　　　　　　　　　　　　　　　　　　　　　　　　HC　CH3　　　CH3
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　CHヨ
　　It　can　fbrm　CD　complexes　on　either　side，　with　its　benzene　ring　and　ketone
group，　and　therefbre　MCD　oould　reduce　its　peak　intensity　to　a　greater　extent　than
that　fbrβ一cyclocitra1；
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　CHO
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　H3C　　　　CH3
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　H3C
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　　　　Although　MCD　can　envelope　the　comparatively　small　and　simple　structure
加olecular　compounds　and　make　the血soluble，　it　is　more　di　fficult　to　fbrm　CD
complexes　with　the　molecules　having　ringed　structure　or　branched－chains．
Therefbre，　the　adsorbing　efficiency　of　MCD　was　less　effective　with　larger
complex　compounds，　and　was　not　as　efficient　as　AC．　As　shown　in　Table　3，　the
chemical　structures　of　the　majority　of　the　detected　compou皿ds　were　qu．ite　co血plex，
and　therefbre　it　was　difficult　fbr　MCD　to　fbrm　inclusion　complexes　due　to　the
steric　hindrance　or　the　large　molecular　size．
4）Reactie皿of　odor　compo皿ents　with　AP
　　　（1）Properties　of　AP
　　　　Unripe　apples　cohtain　condensed　tannins　that　are皿ainly　colnposed　of　various
polymerized　catechins．　AP　is　prepared丘om　unripe　apples　and　its　main
components　are　oligomeric　procyanidins，　chrologenic　acid，　catechin，　epicatechin
and　phloretin　g互ycosides　（22）．　Proantocyanidins　（c3techin　olygomers）　possess
varying　degrees　of　polymerization　and　cause　bittemess，　astringency　and　browning
of　apPle　products．
　　　　The　possible　mechanism　of　deodorization　by　AP　could　be　as　fbllows，　First，　it
is　well　understood　that　phenols　a血d　polyphenols　are　oxidized　into　the
corresponding　quinones　by　air　or　oxidizing　enzymes．　Methanethio1　and　allylthiol，
known　as　good　nucleophiles　fbr　1，4－addition　reactions（23），　are　Iikely　to　rapidly
attack　the　generated　quin。nes・　leading　t・the　pr。ducti。n・f　the。・rresp・nding
Michael　adducts．　This　type　of　reaction　results　in　an　effective　and　quick　decrease
in　the　amount　ofthiols．
　　（2）Reaction　of　oder　cempo皿ents　w韮th　AP
　　　　Based　on　their　oharacteristic　odors，　benzaldehyde，　linalool，　phenyl－
acetaldehyde，β一damascenone　andβ一ionone　are　considered　as　the　importa皿t
，constituellts　of　sweet　potato　odor．　However，　their　structural　features　reveal　that
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just　as　the　thiols　described　above　they　do　not　react　with　AP　by　the　Michael
reaction．　Our　experimental　results　with　AP　indicated　that　AP　did　llot　greatly
reduce　the　amounts　of　either　benzaldehyde　or　linaloo1（Figure　5），　which　supPorted
this　theory．　Thus，　it　mayもe　inferred　that　the　characteristic　odor　of　sweet　potato
was　not　deodorized　by　AP。
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Figure　5　The　reaction　between　AP　and　benzaldehyde（a）or　linaloo王（b）
4，CO皿cl皿sion
　　　　The　present　investigatio皿was　undertaken　to　resolve　the　problem　of　heavy
odor　of　sweet　potato　ge皿erated　duri皿g　the　process　of　f㎜ctional　juice　production．
The　deodorizing　mechanism　of　heavy　odQr　with　three　deodorants　was　clarified．
The　new　developed　odor　sensor　successfUIIy　could　evaluate　the　difference　of
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effiGacy　by　three　deodorants・These　results　show　that　the　new　developed　odor
se皿sory　syste！n　could　be　an　alternative　method　Gf　evaluating　the　efficacy　of
e1｛mination　of　off－odor　by　various　deodorants．　Among　the　three　deodorants
studied，　AC　was　the　most　ef貨cicnt　at　deodorizing　the　heavy　odor　of　sacch＆rifIed
sweet　potato　juice．　Although　MCD　did　not　deodorize　the　odor　as　much　as　AC，
MCD　is　effective　at　stabilizing　and　solubilizing　the　functional　compounds　such　as
β．carotene．　MCD　may　serve　as　an　effective　deodora血t　against　the　heavy　odor　of
the　intermediate　substances　during　the　production　of　the　functional　sweet　potato
juice．
Note：HLB　value
　　　The　Hydrophile－Lipophile　Balance．　HLB　value｛s　derived　from　the　molecular
structure　of　an　organio　compound　by　evaluating　the　strength　of　polarity　and　non－
polarity　around　the　intermolecular　fbrce　between　molecules　with皿o　chemica董
bonds．　The　extent　of　non－polarity　a血d　polarity　fbr　a　molecule　is　shown　as　an
organic　value（OV）and　an　inorganic　value（IV），　respectively．
　　　The　OV　of　one－carbon　atom、（actually，－CH2－）is　defined　as　20　and　the　total　OV
of　an　organic　compound　is　calculatod　by　multiplying　the　number　of　carbons、　in　the
compound．　When　there　is　branching　in　the　carbon　chain，　whioh　could　alter　the
boiling　point，　the　OV　of　the　compound　is　oalculated　by　adding　a　value　assigned　to
the　partial　structure　to　the　tota1　OV　mentioned　ab　ove．
　　　The　extent　of　the　IV　in　an　intramolecule　is　determined　by　comparing　the
boiling　point　of　an　organic　compound　with　that　of　the　hydrocarbon　with　the　salne
carbon　number．　The　IV　describes　the　effect　of　fractional　or　functional　groups
such　as血g　structure．　When　partiai　structules　are　repe＆ted，　the　physical　property
ls　also　changed，　and　also，　because　the　change　is　regular，　the　IV　of　the　co且｝pound　is
tbe　tota董of　the　IV　of　cach　partial　structure．
　　　Values　of　OV　and　IV　fbr　partial　structures　related　to　the　compounds　detected
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as　odorous　components　of　sweet　potato　are　shown　in　Table　4．　HLB　is　defined　by
the　following　equation　using　those　values
HLB＝10　x
Σ（］［norganic　value）
Σ（Orga皿ic　value）
Table　4　0rganic　and　inorganic　values　for　fractional　group　in　organic
　　　　　　compou皿d
fヒaCtional　group Organicvalue
Inorganic
　value
C
iso　rami丘cation
彪rt　r㎝孟fication
C＝・C（duble　bond）
C≡…C（triple　bond）
Ring（non－aromatiG　single　ring）
Benzen　nucleus（aromatic　single　ring）
－CO－－0－
＞C＝・0
－OH
－COOH
00000000000へ∠f12　一　
一
　　0
　　0
　　0
　　2
　　3
10
15
60
65
100
150
Ex．　For　2－Methyl－2－butenal，
　　　　　HILB＝＝10x（65×1十2x1）／（20x5－10x1）＝＝　7．44
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Chapter　V
Measurement　of　Oα・r雌er　ln－vitr・・r】h－viv・】hgesti・皿・fR段w・r　H｛rated　Garlic，　by
Using　New－type　O面r　Se皿sor，㏄and　Se皿sory　Anallysis
1．lntroduction
　　　　　The　charactedstic　of　the　gar垂ic－induced　odor　was　evaIuated　lby　the　new　developed
odor　sensor・Despite　its　notorious　value，　the　use　of　the　garlic　to｛the　fbod　apPlication　i　s　still
lilnited　due　to　orahnalodor　after　garlic　ingestion．．　Garlic（／Illium　sativu栩L，）is　wideIy
used重且the　various　Chinese・Korean｛lr　e兎hnic　feod　recipes　fbr重ts　unique　fIavor　and
llutrition．　However，　garlic　is　used　in　few　Japanese　food　recipes　because　of　its　malodorous－
smell　afセer撫gesdon．　Studies　have　shown　th且t　various　su玉」臨substances　i血garlic　are　the
main　caus　e　of　the　malodor（1，2，3，4）．　The　p血cipal　components　of　the　malodor　detec重ed
by　the　human　nose　are　hydrogen　sulfide，　methy玉sulfides，　and　d漁ethyi　sulfide　and　allyl
sUlfide　compounds．　ln　particular　a正1yi　sulfide　comPounds　are　detected　in　breath　afしer　garlic
血gestion（5）．　These　mercap伽compounds㎞e　a　sせong　disa餌ee曲le　smel1㎞the　h㎜an
nose　but　it　is　exper三entiaIly　known　that　heat－treated　garlic　odor　is　not　as　strong　as　raw
garlic　odor　and　breath　after　eating　heat－treated　gar夏ic　is　Rot　as　stfong　as　afしer　ea血g　raw
gaエlic．　　Studies　have　also　shown　that　there　is　a　difference　in　the　alnount　of　volat旺e
compounds　in　heat－treated　garlic　a血d　f｝esh　gaτlic．　By　clarifying　the　mechanism　what
causes　the　odor　diffbren㏄s，　to　eliminate　the　Inalodor　proble盈can　help　expansion　of　the
garlic　use　to　the　vaiious　f（〕od　categories．　Prior　to　detemmination　ofthe　P。ssibl。　e1血ination
lnechanism，　odor　qual｛1y　of．the　raw　and　heated　gar玉ic，　and　breath　after　the　gar1重c　ingestion
were　evahuated　us釦註g　the葺ew　developed　sensor，　sensory　evaluation　and㏄一MS　to
determine　the　difference　of　each　odor　quality　and　identifシ重heΨ01atile　che1nicals　which
血ユay　resuit　in　the　pote且t孟al　odor　cha11ge．
　　　　Recen重1y，　asゼhe巫echa皿ism　of出e　huma簸sense　of　sエne玉1　has　been　cl　arifie¢　chemical
senser重echnology　has　beeB　deve玉oped　which　caE　perceive　odors　in　a　smilar　way　to　a
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humLan　no　se．
　　　　Depending　on　what　types　of　sensor　elements　are　apPlied，　there　have　been　many
sensors　developed；　calorimnetric　sensors，　metal　o）dde　semiconduCtors　（6）　and　qロartz
sensors（7，8）．　Many　odor　sensors　are｛dso　man皿factured　by　private　companies　and　can　be
applied　in　a　wide　range　of　f量elds．　These　companies　include　UMA　Airsense（Germany），
Alpha　MOS（Fra皿ce）and　Cyrano　Sciences’Inc・（USA＞
　　　　Usi皿g　the　technology　preViously　developed　by　Ehara（9，10）we　s臨ed　to　develop　a
new　odor　sensor．　We　developed　a　semiconductor　based　odor　sensor　which　inco：porated
Inult｛ple　metal　oxide　elements　that　can　respond　to　different　odor　melecUles　with　a　wide
range　of　sensitivity（11）．　Metal　oxide　semicondu㏄ors　have　an　advantage　over　other
sensors　in　terms　of　the｛rolloWing　propenies；e｛rsily　constructed　and　sensitive　to　a　low　vapor
concentrati叫resista益ce　to　change　in　humidity　a且d　colTosive　acid　vapors（12）．　Metal
oxide　sensors　also　have　a　wide　range　of　selectiVity止）ecause　of　the　a！）undan㏄of　electrons
on　the　sur　face　of　the　semiconductor．　By　combining　the　different　semiconductor　materials，
the　developed　odor　sensor　can　respond　sensitively　to　a　wide　range　of　odor　mol㏄ules（9，
13）．［lhis　sensor　is　comprised　of　6　different　types　of　semniconductors，　doped　with　ca厨ytic
metals，　with　d重fferent　conduotibility．　Pattems　of　resistance　change　can　be　generated　to
create　a　specific　profile　fbr　eaGh　group　of　volatile　compounds　in　the　sampIe．　1h
Gomparison　With　existing　odor　se血sor，　the　materials　in　this　new　sensor　have　a　higber
sens姻取t・abr・ad　range・f　c・mp・unds，　and　s・the・d・r　sens・r　is醜t・rec・rd・d・r
c・血P・unds　at　v町1・w　pPb　c・n。en㈱・ns，舳・ut　the　e煎a　c・nce且血d・n　step血a伽
bee皿pre舳sly　required．　This　is　advantage・us　in。a⑳血g　the　sa血e　v・lat重1e
c。mp・unds・emitted・fr・m血6　samples伽t肛e　detected　by　the　hu田a・n。se・This　sens。r
pr・perty　all・wed　us　t。　c螂tmct　a　p・血ble・sens。r　and　measlire　the　sample・d。r　in　a　ve1y
convenient　form，　which　closely　refiected　the　ability　of　the　human　nose　to　catch　volatile
c。mp。unds，　and　had　the　same　pr・∬le　as・血er血。re　expensive　c・㎜ercial　sens°「s・
Although　several　brief　studies　have　been　conduoted　using　this皿ew　odor　senso「to　measu「e
血e・rgぬc　vap・rs・f　several・fo・d　pmducts（14，15），　n・s顧es　have伽es廿gated　h・w血e
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different　respOnse　pattems　can　be　observed　on　testing　the　odor　of　garlic　products　or　human
breath．　Thus，　in　comparison　with　the　other　inst㎜eロtal　and　psychophysical　methods，
proper　measurement　of　the　strength　of　the　garlic　causing　odor　must　be　i皿vest正gated．
　　　　in　thjs　chapter，　fなst　saxnples　of　raw　garlic　and　heat－treated　garlic　for　in－vivo　and　in－
vitro　studies　were　evaluated　by　using　the　discrimination　method　by　huエna血subj　eets．　Next，
volatiles　released　from　the　in－vivo　a血d　in－vitro　samples　were　iden面ed　by㏄and㏄一MS
with血le－release　analysis．　Then，　using　the　newly　developed　sensor，　which　consists　of　six
arrays　of　meta1　conductors，　the　character　and　the　strength　of　the　garlic　odor　were　analyzed
fbr　the　in－vivo　and　in－vitro　samples．　The　correlation　between　the　senso】i’y　evaluatio恥GC
analysis　and　sensor　analysis　was　assessed．　The　results　showed　that　the　sensor　could
successfUIly　evaluate　the　odor　character　and　strength，　and　the　possibility　of　apPlyi血g　the
odor　sensor　to　the　field　of　the　fbod　processi且g　was　indicated．
2。Material呂　and　met血ods
1）Sensory　evaluation
　　（1）Assessors
　　　　Thir取five　assessors（al1　Japanese　females，　age　ranged　ffom　19　to　25yrs）took　part　i　l
the　experiment．　Assessors　were　required　to　demonstrate　nomlal　odor　sensitiVity　by　first
distinguishing　the　odors　ofβ一phe皿ylethyl　alcohol，エnethyl　cyclopentenolone　30ppm，
isovaledc　acid　10ppm，　Y一㎜decalacto且e　30ppm　and　skatole　10ppm．　All　subj　ectS　signed　a
轍tten　consent　fbl1〔n．
　　（2）ln－vitro　test
　　　　Two　grams　of　raw　garlib　was　grated，　while　another　2　g　of　garlic　was　heated　fbr　I　min
in　a　microwave　oven　and　then　grated．　The　grated　garlic　was　transferred　into　a　Petri　dis”
and　then　sealed　with　the　plastic　lid　until　fhe　exper㎞ent　began．　A　pa正r　companson　test
was　chosen　as　the　sensory　method．　This　method　was　used　as　the　most　sensitive　method　to
deter㎡ne廿1e　difference　between　two　samples　for　the　specific　product　a面butes・　Befbro
血eexpe血nent，　each・f　the　thirty　five　assess・rs　was　asked　t。　sme11止e・d・r・f　raw　grated
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garlic，　as　a　waエm　up，　and　told　to　use甑s　smell　as　a　standard、　The　assessors　were
blindfb童ded　to　prevent　them　seeing　the　apPearance　of　the　samples　presented　on　a　tray，　and
then　asked　to　choose　the　sample　with　the　stronger　gaτHc　odor．　The　sample　order　was
randomized　and　coimterbalanced　aoross　all　the　assessors．　A負er　the　experime皿t，　they　were
asked　to　comment　on　any　special　attribute　they　noticed　when　they　chose　their　s釦nple．
　　（3）血一vivo　test
　　　　One　gram　of　raw　garlic　was　grated，　while　another　2　g　of　garlic　was　heated　fbr　l　min
in　a　microwave　oven　and　then　grated．　One　gram　of　grated　garlic丘om　each　sample　was
transferred　into　a　plastic　glass，　and　then　the　garlic　was　ingested　by　chew重ng　fbr　30　sec．
One　female（age　18yrs）量ngested　a　whole　raw　garlic，　and　the　next　day　the　same　subject
血gested　a　whoIe　heated　g訂1ic．　Breath　sarnples　were　collected　in　a　commercial　plastic　bag
which　was　manu魚cfured　by　OMI　ODOAIR　SERVICE　Co．　Lt己（Tokyo　Japan）．　The
subject　held　her　breath　fbr　10　sec，　and　then　exhaled　in　to　a　bag　sealed　tightly　around　her
mouth，　As　described　in　the　pr㏄edure　fbr　the　in－vivo　test，35　assessors　were　then
presented　with　pairs　of　the　plastio　bags，　one　With　raw　garlic　rinsed　breath　and　anothor　with
heated　garlicτinsed　breath．　The　assessors　were　again　blindfblded　and　asked　to　choose　the
stronger　odor　botween　two　bags．　Sample　order　was　randomized　and　cou皿tcrbalanced
across　assessors．　A丘er　the　experi皿enちthey　were　askod　to　oomment　on　any　special
atUibutes　they　noticed　whe皿they　chose　the　sample．
　　2）㏄analysis・
　　　（1）A皿a鑑ytical　conditions
　　　　The　identities　of　the　s証fbr－containing　gases　f｛）r　in－vivo　and　in・vitro　sa阻ples　were
established　by　using㏄and㏄一MS　spectrometry．　As　a　standard　reagent　for㏄
analysis，　the　following　chemicals　were　used　as　sta皿dard　reagents　fbr　the　GC　analysis：
1nethane血iol，　dimethyl　sUlfide　and　dtmethyl　disu　lfide（Wako　Pure　Chemical　lndustries・
Osak亀Japan），　allylthiol　and　methyl　propyl　disUlfide（A正drich　Chemical　Co．正nc，　USA），
allyl　methyl　sulfide　a皿d　dial　lyl　dl　sulf至de（Tokyo　Kasei　Organic　Chemicals，　Tokyo，　Japan）．
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　　　　　Gas　chromatograph（Shimadzu　GC，14B）conditions　were　as　follows；PPE　5　ring
10％，3．2mm　x　3．lm　9iass　celum皿諏即ture　programnted　from　65°C　for　3　min　t。
170°Cat　30°C／Miil，　the　detector　was　an　FPD（140°C）and　the　carrier　gas　was　N2
（55mYm丘n）．
　　　　　The㏄一MS　conditions　were　as　fbllows；the㏄一MS（Shimadzu㏄一MS　QP　l　ooo）
had　a釦sed－silica　capi1lary　colunm（S咽co　SPB－1），0．32mm　x　30m　glass，　tem隅旗e
progra皿med　f「om　60°C　to　170°C　at　30°C／血n　a皿d　held　at　170°C　fbl　2　n血L　the　carrier　gas
was　He（2皿y皿in），　the　EI　mode　was　at　70eV，　the　souroe　temperature　was　180°C　and　the
㏄一MS　interface　temperature　was　250°C．
　　②ln－vitro・test
　　　　　Three　grams　respeotively　of　raw　and　heated－garlic　were　crushed　by　appIy孟取g
pressure　with　a　spoo11．　The　h．eated－garlic　was　prepared　by　the　same　process　as　described
above，0．2g　of　each　sample　was　transferred　i皿to　a　125ml　vial　which　was　sealed　tightly，
then　kept　in　a　container　temperatUre　maintained　at　23°C　and　then　l　ml　of　head－space　gas
was　removed　from　the　via　1　for　ana　lysis　at　O，30，60，90　and　120　min．
　　（3）In－vivo　test　　　　　　　　　　　　　　　　　r
　　　　　One　healthy　subj　ect（Japanese　female，　age　19yrs）with　no　malodor　took　part　in　tbis
s加［dy．　ThLe　subject　had　not血gested　any　garlic　fbr　24　hrs　befbre　the　s加dy．　The　basic
study　consisted　of　two　treatment　periods；o血one　day　the　subject　chewed　and　then
swallowed　l　g　of　raw　gar1ic　and　measurementS　were　ca㎡．ed　out　over　the　neXt　2hrs．　The
neXt　day　the　subj　eot’s　breath　was　measured　over　a　2　hrs　period　after藍ngesting　l　g　of　heated－
garlio．　The　subj　ect’s　breath　was　collected　in　sy血ges　fbllowing　the　method　described　by
Aoki（16）．　Samples　were。ollected　immediately　before　garlic　consumption　and　then　after　O，
30，60，90，120min，
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　3）Odor　sensor　analysis
　　（1）Odor　sens｛Dr　preparation
　　　　Same　as　chapter　3
　　（2）In一Ψitro　test
　　　The　garlic　samplc皿easuroments　were　cbnducte¢using　the　same　as　in　the　sensory
experlment
　　（3）血一vivo　study
　　　The　subject’s　odor　was　measured　us圭ng　the　samc　sample　obta｛ned　fbr　the　sensory
expemnent
3．Results　and　discussion
　1）Sensory　evaluatio皿of　the　garlic　odor
　　（1）In－VitrO・and・in－ViVO　teStS
　　　　Asignificant　majority　of　the　judges　indicated　that　raw　garlic　had　a　stronger　odor
（Binomial　test，33／35，　Pく0．001）and　also　that　it　produ㏄d　a　strollger　breath　af辻er　garlic
ingest量on（Binomial　te…ヨち27／35，　pく0．001）．　These　results　indicated血at　the　odor　of　raw
garlic　odor　is　stronger　than　that　of　heated－gaflic，　fbr　both　in－vitro　and　in－vivo　samples．
Interestingly，　the　result　of　the　in－vivo　study　showed　a　Iess　significant　difference　than　for
the　in－Vitro　stUdy．　The　assessors　commented　that　the　garlic　odor　of　tl　te　i血一Vivo　stUdy　was
clearly　differe皿t仕om　that　of　the　in－vitro　study　and　also　very　unpleasant．　　They　also
commented　that　the　odor　of　heat－treated　gar1ic　and　the　breath　rinsed　with　heated－gaτlic
became　weaker。　Considering　these　results，　it　can　be　concluded　that　j　udges　perceived　cIear
differences　in　the　odors　of　th’ese　four　samples　fiom　the　in－vitro　and　in－vivo　experimer匿s．
　2）㏄analysis　of　garlic
　　（1）血一vitro　test
　　　The’amount　of　each　compound　was　calcUlated　at　different　time孟ntervals，　except　for
allyl　methy正sulfide　and　3－（allylthio）propioni　c　acid（Table　l）．　Methanethiol，　d㎞ethy1
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sulfide　and　allylthiol　are　low－molecular　sulfbr　compounds（LMSCs）and　were　present　in　a
slightly　larger　quantity　than　allyl　me｛hyl　sUlfide　and　dimethyl　disul丘de，　which　are
felatively　high－molecular　sulfUr　compounds（HMSCs）in　both　raw　garlic　and　heated　garlic
sample．
　　　　Although　there　was　little　difference　in　the　amou皿t　of　LMSC　betWeen　the　raw　and　the
heated　garlic　sample，　there　was　a　clear　difference　in　HMSC．　Methyl　propyl　d童su正fide，
and　diallyl　dis面de　whi　ch　is　the　mai且d㏄o血position　produCt　from　allicin，　were　found血
both　the　raw　and　heated　garlic，　but　the　ooncentrations　were　higher　in　the　raw　garlic．　The
reason　may　be　because　the　fbrmation　of　these　sUlfUr　comLpounds　would　be　stopped　by
thermal　inactivatlon　of　the　enzyme　alliinase．　This　assumption　was　supported　by　the　fact
that　these　compounds　could　not　be　detected　when　the　hea血g　time　was　proIonged　to
enhance　the㎜l　inactivation（data　not　shown）．　　㏄data　fbr　the　change　in　the　amount　of
sulfur　compounds　followed　the　typical　enzyme　alli血ase　reaction　passage．　Ih　raw　gadic
allihlase　is　activated　by　grating　or　cut罎皿g　of　gallic．　Allylcystein　sulfbxide　or　aU．血is
rapidly　converted　into　aHicin　by　its　enZymatic　reac廿on．　AIIicin　is　f磁her　converted　i皿to
higher　molecU　lar　disUlfide　compou皿ds，　which　are　attlibuted　to　the　unique　pungent　odor　of
garlic．　in　the　GC　data，　allylthiol　was　detected　at　O　min　but　soon　began　to　decrease，　This
shows　that　grating　i皿duced　a　rapid　conversion　of　allici皿to　allylthiol　but　the　co皿version
decreased　significantly　as　the　reaction　progressed．　The　amount　of　the　other　LMSCs
showed　httle　chLange，　although　there　was　a　slight　increase　in　dimethyl　sulfide　after　60min
For　HMSCs，　diallyl　disulfide　increased　continuously　to　reach　a　maximum　after　60　min．
This血ct　con行㎜ed　that　when　raw　garlic　was　grated　the　change　of　all鉦n　into　allioin
occurred　immediately，　folloWed　by　conversion　i皿to　HMSCs　as　the　enzymatic　reaction
proceeded．
Table　l　T㎞e　course　of　volat重le　sulfide　component　fommadon　in　raw　and　heat－treated
　　　　　　　garlic（in　t｝1e　in－vitro　test）
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Time（min）
Cempound 0 30 60 90 120
Raw　garlic
　　　　　　　　　Methyl　meroaptan
　　　　　　　　　Dimethyl　sulfide
　　　　　　　　　Allyl　mercaptan
　　　　　　　　　Allyl　methyl　suMde
　　　　　　　　　Dimethyl　disulfide
　　　　　　　　　Methyl　propyl　disuMde
　　　　　　　　　Diallyl　disu晒de
卜leat　treated　garlic
　　　　　　　　　Methyl　mercaptan
　　　　　　　　　Dimethyl　sul｛『de
　　　　　　　　　Allyl　mercaptan
　　　　　　　　　AIM　methyi　sulfide
　　　　　　　　　Dimethyl　disulfide
　　　　　　　　　Methyl　propyl　disuMde
　　　　　　　　　Diall　l　disulfide
O．02SO
O．0200
0．0467
0．0040
0．0091
0．0845
0．6390
0．0420
0．0451
0．0597
α0080
0．0079
　　tr．
0．0758
0．0280
0．Ol90
0．0359
0．0030
0．0112
0．1140
1．1900
0．0755
0．0800
0．1311
0．0064
0．0070
　　tr．
0．1290
0．0270
0．Ol74
0．0281
αOO　40
0．0118
0．“　20
1．3800
0．0862
0．0767
0．1565
0．0064
0．0071
　　tr．
0．1060
0．0270
0．0275
0．0232
0．0056
0．Ol22
0．0930
1．1　750
0．0957
0．0764
0．1667
0．0064
0．0066
　　tr．
0．0920
0．0260
0．e311
0．0209
0．0048
0．0126
0．0830
0．9200
0．1068
0．0737
0．1764
0．OO　64
0．0050
　　tr，
0．0658
These　volatile　co皿pounds　were　characterized　and　quantified　by　GC－MS　under　the
analytical　conditions　described　i皿the　text　　Values　are　expressed　in　ppm；tr
representS‘trace’．
　　　　The　heated　garlic　contained　higher　concentrations　of　LMSCs　such　as　methanethiol，
dimethyl　sulfide　and　allylthiol　than　the　raw　garlic．　The　amounts　of　methanethiol　and
allylthiol　f士om　the　heated　garlic　increased　over　time．　Also　the　rate　of　increase　of　the　thiol
compound　was　considerably　greater　fbr　heated　garlic　than　fbr　raw　garlic，　This　fact
suggests　that　the　production　of　a1互ylthiol　can　be　accelerated　more　by　physical　conditions
such　as　heating　or　the　accompariying　reactions，　rather　than　by　the　enZymatic　reaction　itSelf・
For　HMSCs，　aliyl　m、ethyl　d1sulfide　and　methyl　pエopyl　disulfide血creased　fbr　301nin　and
then　decreased　gradua皿y，　although　other　HMSC　compOnent3　were　not　detected
significantly．
　　（2）in－vivo・test
　　　　Table　3　shows　the　changes　in　the　amounts　of　the　volatile　sulfide　oomponents　over
time　in　the　in－Vivo　test，　Immediately　after　i皿gesting　the　raw　gaτ1ic，　the　coneentrations　of
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LMSCs　were　highest　especially　methyl　sulfide　and　allyl　sulfide，　but　they　soon　sta証ed
decreasing　in　contrast　in　the　heat－treated　garl　ic　ea虚ng，　lower　concentrati　o血s　of　LMSCs
（1ロethanethiol，　allylthiol　and　allyl　methyl　sロ1fide）were　observed　w重th　little　detected　after
30min．　Therefbre　these　results　in（慧cate　that　the正nouth　non皿ally　contains　a　small
concentration　of　methaneth重ol　and（㎞ethyl　sulfide（F重gute　2）but　immed｛ately　a負er　garlic
eating，　higher　concentrat孟⑪ns　of　Inethane掘01　and　allyl血io玉and　lower　concentrations　of
aUyl　methyl　sulf茎de，　allyl　methyl　disUlfide，　and　dially正disulfide　are　produced．　These　h玉gher
concentrations　of　LMSCs，　especia正1y　a星lyl　compounds，　were　uniq鵬1y　observed　in　the
breath　after　garlic　eating，　which　is　dif驚rent　Ro田pathological　breath（17）．　Tl｝us，血e
ma王odorous　smell　a負er　eating　garlic　is　thought　to　be　at励uted　to　LMSCs．　The　data　also
showed　that　the　LMSC　concentration　in．　t蓋e　breaIh　was　higher　a負er　inges血g　the　raw　garlic
solution重han　the　heat－treated　garlic．　　This　supPorts　the　rosults　of　the　sensory　a1三alysis
where　the　a§sessors　in（嚢。ated　a　difference　in　odor　quality　difference　for　the　breath　after
ea血g　heat－treated　garlic　compared　with　raw　gadic．㏄results　also　showed　that　no
HMSCs　were　dc重ccted　after　either　raw　or　heat－treated　garlic　ingestion．　excep重fbr　dial　ly玉
改su㈱e　which　was負）und　immediately　after　eating　raw　garlic．　The　small　amounts　ef
且至V．ISCs　suggest　that　the　alliiiiase　e王｝Zyrne　reac重ion　and　the　fb班owing　reac貸on　could　be
affeeted　by　the　bioche血ical　co難ditio且s圭n　the　mouth　and　that　HMSCs　w◎uld且o重be
produced．
Taも1e　2　丁血e　course　of　volatile　sulfide　co血ponent　fb㎜a廿o11　in　raw　gar董ic　and　heaレ
　　　　　　　treated　garlic（in－vivo　test）
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Tlme（min）
Com　ound 0 30 60 90 120
Raw　garlic
Methyl　mercaptan
Dimethyl　sロMde
AIIyl　mercaptan
Aliyt　methyi　sulfide
Dimethyl　disulfide
Methyl　propyl　disuMde
Diatlyl　disulfide
Heat　treaed　garlic
　　　　　　　　　Methyl　meroaptan
　　　　　　　　　Dimethyl　sulfide
　　　　　　　　　Allyl　mercaptan
　　　　　　　　　AIIyl　methyl　sulfide
　　　　　　　　　Dimethyl　disulfide
　　　　　　　　　Methyl　propyl　disuMde
　　　　　　　　　Diatl　l　disulfide
2．3569
　nd．
2．3000
0．0589
　n ．
　nd．
0．1014
α0499
　nd．
0．0532
0．0289
　nd．
　nd．
　nd．
0．3382
　　nd．
α4488
0．0406
　　nd．
　　nd．
　　nd．
0．0083
　nd．
0．0024
0．0058
　nd．
　nd．
　nd．
O，140e
　　nd．
O．1788
0．0470
　　nd．
　　nd．
　　nd．
0．0080
　　nd．
0．0024
α0058
　　nd，
　　nd．
　　nd．
0．1232
　　nd．
0．0909
0．0339
　　nd．
　　nd．
　　nd．
O，0075
　　nd．
　　nd．
　　nd．
　　nd．
　　nd，
　　nd．
0．0598
　nd．
0，0455
0．0317
　　nd．
　　nd．
　　nd．
n口nnnnn
’lhese　volatile　compounds　were　characterized　and　quanthied　by㏄一MS　under　the
analytical　oonditions　desoribed　in　the　text．　Values　are　expressed　in　pprn；葺d
represe皿ts‘not　detected’．
3）Odor　s6nsor　analy8is
　　（1）Garlic　odor　nieasurement
　　　　G…rrlic　odor　is　different　from　lemon（des励ed　in　chapter　3）in　terms　of　the　quality　of
the　odor．　The　garlic　odor　in　the　i皿・vitro　and　in－vivo　studies　was　measured　with　the
developed　apParatus．
　　　a、　in－▽itro　test
　　　　When　raw　garlic　is　cut　or　gratect　it　smells　of　specific　pungent　odor．　However，　when
heat－treated　garlic　is　cut　or　grated，　it　has　a　very　weakiy　pungent　odor　which　is　differe皿t
from　that　efエaw　garlic．　in　t　le　in－vitro　test　the　S－value　of　the　raw　garlic（S＝39995）was
much　higher　than　fbr　the　heat－treated　garlic（S＝16889）（Figure　6），　although　the　graph　does
not　have　a　spear　shape．　The　F－value　of　the　ravv　garl　ic　was　1．955　compared　With　4・302　for
the　heat－treated　garlic．　These　results　are　eomparable　to　the　results　of　the　sensory　analysis
shoWing　that　heating　moderated　the　garlic’s　pungent　odor　of　garlic・
94
　　　b．In－vivo　test
　　　　Typically　human　People’s　breath　after　ingesting　raw　garlic　is　much　more　malodorous
and　unpleasant　compared　with　after　ingesting　heat－treated　garlic．　Figure　7　shows　the
results　of　the　in－vivo　experiment，　afしor　ingesting　garlic．　The　intensity　of　odor　after　raw
garlic　was　ingested　was　stronger（S騨35819）than　fbr　the　heat－trcated　garlic（S＝15230）．
Both　values　were　much　hi　gher　tha血that　of　the　breath　odor　before　a皿y　gall　i　c　was　ingested
（S累1463）．The　F－value　fbr　the　heat．treated　garlio（α9805）was　higher　than　fbr　the　raw
garlic（0．8640），　indicating　that　the　heat－treated　garlic　had　a　better　quality　odoL　However，
the　shape　ofthe　spider　graph　resUltS　for　the　raw　garlic　and　heat－treated　garlic　in　the　in－vivo
stUdy　were　fairly　s　imilar，　compared　to　the　different　shapes　produced　in　the　in－vitro　study．
The　dif艶rence　between　the　S－values　fbr　raw　garlic　eating　and　heat－treated　garlic　eating｛皿
the　in－vivo　test（s富20589）was　smaH．er　than　in　the　in－vitro　test（s耳23106）．　Also　the
differe皿ce　between　the　F－values　was　lower　i益the　in－vivo　test（F＝0．1165）than　in　the　in－
vitro　test（F＝2．347）．　This血dicates　bi㏄hemical　interaclions　in　the血一vivo　test　reduced
the　dif驚rence　in　garlic　odor　between　the　raw　garlic　and　the　heated　garlic．
　　　　hl　the　sensory　test　the　assessors　mentioned　that　mouth　odor　after　eating　garlic　was
fairly　unpIeasant　but　breath　odor　afヒer　eating　heat－treated　garlic　was　not　so　unpleasant．
These。。㎜en船ageed舳the　re鵬of　the　sensor㎜lysis．
　　　　Responses丘om　sensors　2　and　4　were　small，　and　those　fヒom　sensors　3　and　6　were
　　t
greatly　enlarged　for　pleasant　smells，　and　so　the　radal　graph　displays　the　shape　of　a　spear．
On　tho　other　hand，長）r｝mLpleasant　sme11魚g　substances，　the　radar　graph　shape　is　a　similaエ
irregular　sb．ape　due　to　the　smal　l　respOnse　of　CH　6　and　C｝13．　The　forrnula　calcU　lating　F－
value　was　derived　f沁m　so血e　experime皿rtS．　It　was　not　apPlied　to　all　fbod　odors　and　new
fbrmulae　must　be　derived　for　different　types　of　odor．　A　two－dimensional　map　conslstmg
of　F．　and　S．　values　is　used　to　derive　the　comfortable　zones　of｛tifferent　odors，　and　some
mixed　odors．　Fu仙e㎜ore，　the　pleasantness　or　urtpleasantness　of　odor　is　decided　by
human　senses　and　this　odor　is　then　clarified　by　this　apParatus．
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　Raw　gar書io：F曇1．955，　S＝39995
He日匙一tro8t賠d　g日rlio：F＝4・．302．　S＝16B8g
Figure　5Spider　graphs　showing　the　res孟stance　va星ues（lnV）from　the　siX　sensors
outpUts（CH1－CH6）of　the　eiectronic　nose　analysis　of　the　ih－vitro　study
samples　of　O．29／m．l　gra重ed　raw　garlic（　　）and　heat－treated　garlic
solution（…）；the・F－values・and・S－values・are・also・shown．
CH6
CH5
　　　　Water：F＝tO56，S＝1463
　　Raw　garlk≒：F：：O，8640，S＝35S　19
HeI士一trα辻6d客蛮r臓c：F＝：G．9805、S嗣拓230
　　　　　　　　　　0罎
CH4
CH2
CH3
waterraw heated
CH　1 11 25．8 22．9
CI｛2 53 271．5 177．5
CH340 181、6 108．2
CH418 57．2 43．9
CR512 48．3 30．5
CH635 179　、　108．9
FigUre　6　Sp三der騨phs　s姦。轍g　res｛s臨e　va韮ues（mV）fr・m・the・6・sens・rs・utPUts（CH1－
　　　　　　CH6）of　t蓋e　dec1虻o掘c　nos¢a且alysis　Gf重且一v韮vo　study　samples　of　a　subj　ect’s　breath
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after　rins加g　with　lml　of　pure　water（一一一），19／ml　grated　raw　garlic　solution
（　　　　）a血dgrated　heat哺treated　garlic　solution（一　一L）；F－values　and　S－values　are
also　shown・　The　values　of　6　sensors　outputs　are　shown　in　the　table．
4．Co皿dus量ons
　　　　In　this　chapter，　we　dcveloped　a　senミor　analysis　method　to血easure　the　changes　in
odor　quality　caused　by　different　treatmentS　of　garlic．　The　possibility　of　characte面皿g　the
garlic　odor　i皿一Vitro　and孟n－vivo　was　demonstrated．　By　using　the　electronic　sensor，　we
verified　that　a血electronic　sensor　could　define　the　cha　racteristics　and　streng山．　of　the　odor　in
terms　of　F－value　and　S－value．　The　electroniG　sensor’s　F　and　S　values　showed　that　garlic
odor　characteristics　and　strength　were　d鵬rent止n血一vitro　and　in・・vivo．　For　the士n－vitro
．study，　F　vaiue　was　loWer　and　S　value　was　higher　for　raw　garlic　than　for　heated　garlic　and
this　fesult　matched　the　GC　and　sensory　ana正ysis．　In　the　in－vivo　study，　S－value　and　F－
values　of　bo血breath　s　amples　were　lower　than　those　of　the　in－vitro　study．　Thj　s　suggests
that　raw　garlic　has　strong　odor　and　its　odor　changes　hlto　unpleasa皿t　odor　in元n－vivo．　On
the　other　han¢garlic　odor　becalne　moderate　with　heating　and　so　when　heated　gadic　was
ingeste¢it　did　not　produce　a　s廿ong㎜pleasant　odor．
　　　Again　this　was　supported　by　sensoエy　and　GC　analyses．　The　sensory　results　showed
that　the　strength　of　gaエlic　odor　was　stronger　fbr　raw　garlic　tha血fbr　heat－treated　garlic　fbr
both　the　in－Vivo　and　in－vitro　studies．　The　GC　analysis　showed　highef　values　of　HMSC　in
raw　gaTlic　in　m　tediately　after　grating，　and　little　difllerence血LMSC　betWeen　raw　and
heated　garlic．　HMSCs　such　as　allyl　methyl　disu脆de，　me止yl　propyl｛虹sulfide　and　dia韮lyl
disUlfide　Iargely　contributed一石6　the　specific　odor　and　shaτp　taste　of　the　gadic，　thus　the㏄
result　coniirmed　the　sensory　result．　On　the　other　han（恥in　the　in－vivo　tesちLMSC　values
were　higher　a丑er　eating　raw　gal1ic，　but　HMSCs　were　hardly　detectable　for　either　raw　garlic
or　heaレtreated　garlic　eating　samples．　When　garlic　is　ingested　various　LMSC　increase　and
these　LMSCs　are　considered　to　be　the　major　cause　of　malodorous　breath　after　garlic
lngestion，　which　was　deteoted　in　the　sensory　a血alysls．
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　　　　This　study　proves　that　the　developed　odor　sensor　has　a　feature　fbr　evaluating　Product
odor　intensity　and　quality　in　terms　of　pleasantness．1血the　rapid　process　of　fbod　product
manufacturing，　th．ere　are　many　attributes重o　be　monitored，　but　the　mo　st　importa皿t　critcria　is
to　keep　the　produ停t　quality　favorable　fbr　consumers・　Usually　both　sensory　and　GC
analysis　have　been　combined　to　measure　the　quality　of　odors．　Thus，伽s　new　odor　sensor
analysis　has　the　advantage　of　being　a　co皿venient　method．　The　S－and　F－values　are　usef楓
concepts，　and　the　fb］rnユula　is　derived　experilnentally　so　it　is　apPIicable　to　odors　of　so血e
ki皿ds　of　fbod　products・　　It　could　also　be　possible　to　express　odor　characteristics　by
mUltiple　criteria．　　Thus，　in　ftItUre　experiments，　the　odor　of　the　various　fbod　produots
should　be　investigated　to　find　how　odor　sensor　output　and　the　results　of　the　analys三s　of
odor　compOunds　are　related．
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Chapter　VI
I）eodo血a伽皿of　Garhc－lnduced　Ora甚Maiodor　by　M鵬hroom　Ex亡ract
1．intreduction　　’　　　　　　　　　　　　　　　　　　　、
　　　　In　this　chapter，　based　on　the　information　of　odorous　compounds　obtained　in　the
previous　chapters，　apPropriate　deodorants　were　selected　and　fhe圭r　efflcacy　against　ora1
副odor　were　ev曲ted・㎞樹s　s鳴，　the　commercial　odor　sensor　（FOX　4000，
Alpha－MOS　Co・・Ltd）was　chose且to　evaluate　the　degree　of　deodo血ation　fpr　subj　ectS，
brea血・Nthough　’this　i皿strument　does　not　proVide　specific　i皿formation　of　qualhative
differences　betWeen　samples，　it　is　extensively　used　as　an　alternative　metho　d　of　human　nose
for　discrin血ation　ofmUltiple　samples　due　to　ks　combined　power　fiil　multivariate　statistical
disc血nination　analysis・　Since　the　evaluation　of　oraI　malodor　is　the　Ieast　type　of　the
salnple　which　hu皿1an　assessor　wantS　to　evaIuate，　apPlicatioll　of　odor　sensor　should　be
developed　in　correlatio血wi血sensory　TesUltS　or　to　speci且c　data　of　vo王ad凱e　GomPounds．
　　　　Halitosis　is　a　comm。n　he舳problem血t　c㎝撫t　one’s　social　interacti。ns．　Oral
malodor　originating丘om　oral　caΨity　is　the　major　cause　of　halitosis（1）．　Despite　its
unique　flavor　a皿d　nutritious　bioactive　compOnentS　With　a皿tioXidant　proporties，　gar且c　is　one
of廿1e　causes　fbr　oral　malodor．　　Anici血圭n　garlic　clove　leads　to　the　production　of　volad遜e
su血r　compounds（V　SCs）such　as　methanethiol，　allylthioI，　aUyl　methyl　sUlfide　and　allyl
disU　Ifide　in　small　amount（2，3，4，5）．　While　various　compounds，　such　as　hydrogen　su脆de，
methanethiol，　d㎞ethyl　s雌丘de，　n－dodeca皿ol，　n－tetsadecanol，　phenol，　indole，　diphenyla血ine，
pyrid　ne　a血d　others　are　the　causes　of　oral　malodor（6，7），　ma　lodor　is　mainly　atUibuted　to
voIa出e　su血r　compou皿ds（VSCs），　such　as　hydrogen　sulfide，　methane血iol　a血d　dmethyl
suHide．
　　　　StUdies　show　that　some　bacter量a　inside　oral　cavity　metaわolize　fb　od　constituents　such
as　sUl血r　amino　acids，　and　produce　VSCs　that　contribute　to　unplea』ant　sln、eU（8）．　The
odor　intensity　is　signi丘cantly　associated　with　fhe　amount　of　VSC　level　in　oral　cavity（9，
10）．Previous　chapter　showed士he　association　of　VSCs　induced　by　garlic　ingestion　with
99
the　cause　of　oral　malodor．
　　　　Since　VSCs　are｛he　m句or　causes　of　mLalodor，　supPression　in　production　of　VSCs　is
an　effective　strategy　to　prevent　oral　malodor．　Researchers　have　demonstrated　that　some
plant　extractS　co皿taini皿g　a　lot　of　poIyphenols　and　phe皿oIic　derivatives　have　efi！icient
deodorizing　activity　against　malodor（11，12）．　Tea　catechins　have　been　shown　to　have　a
significa皿t　ef正bct　on　depressing　methanethiol　production　一（13）．　The　Mushroom　eXtracち
also　known　to　contain　a　1arge　amount　of　POIyphenol　has　been　demonstrated　to　supPress
malodor　f士o血rnouth　and　environment．　In　addition，　its　deodorization　m㏄hanism　has
been　attributed　to　polyphenol　oxidase　enzymatic　reaction　involvi皿g　o－qui皿one　derived
from　polyphenolic　compounds　and　metlvanethiol（14，15）。
　　　　In止e　present　study，　we　monitored　the　ora　1　malodor　difference　detected　in　the　breath
air　of　individual　subjects　after　garlic　and　mushroo皿extract　ingestion　over血le．　To
evaluate　odor－associated　che皿rical　coエnpounds，　and　quantify　the　odor　streng趾［　that
d㏄reases　at　rates　depending　on　its　reaction　with　polyphenols　a皿d　natural　dispersion，　a
combination　of　electronic　sensor，　sensory　evaluation　and　gas　chromatography（㏄）
analyses　were　employed．　Although　GC　analysis　can　qumtitatively　measure　the　level　of
VSCs，　the　subjective　organoleptic　exam㎞ation（16）三s　also　necessal　y　to　evaluate　the
magnitUde　of　oral　malodor　directly．　The　emerging　electronic　se皿sor　technology　that　is
based　on　changes　i　1　resistance　of　multiplo　sensors　due　to　interaction　with　volatiIe　odorant
molecules，　is　a　convenient　procedure　to　quantify　the　magnitude　of　odor，　and　has　been
apPlied　fbr　evaluatio皿of　fbod　product　quality（17，18，19）．　The　co正nbined　pattern　of
resistance　change　f丘o皿r皿ultiple　sensors　is　processed　and　statiS廿cally　analyzed　by　P血cipal
Compo皿e皿t　Analysis（pCA）to　discrirninate　and　ide皿t埆the　odor　pattem．　A　combination
of　these　3　methods　proVided　repro　ducible　a皿d　accurate　evaluation　of　odor　intensity　and　its
asso6iated　compounds血human　exhaled　breath．　Furthermore，　we　present　the　ab　initie
galcUlations　that　suggest　an　addition　reaction　mecha皿ism　between　th三〇l　and　polyphenolic
compounds．　This　mecha血ism　successfttlly　explains　the　degr勘dadon　sp㏄d　of　difference
between　methanethiol　and　ally1仕直ol．
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2．Material8　and　methods
1）Breath　sampliぬg
　　（1）Subject
　　　　One　subj　ect（Japanese　female，24　years　old）participated量n　measurement　of　malodor
strength　fbr　s血gle　su】bj　ect．　Eight　su】）j　ects（8」冒apa皿ese　feエロales，18years　old）par吐cipated
in　measurement　of　malodor　strength　for　mUltiple　s画ects．　Subj　ects　were　chosen　on　the
basis　that　they　did　not　have　ha韮tosis．　They　did　not　i皿gest　food　for　4　hrs　prior　to　study　and
avoid　onions　and　gallic　fbr　24　hrs　befbre　study．　All　su切ects　sig且ed　a　writte且consent’
fb皿。
　　（2）Preparation　of　garlic　solut韮on
　　　　C。㎜er。ially　available　raw　garlic　was　diced　and　crushed　by　applying　pressure　with
aspoon．　The　ga出c　solution　was　prepared　by　dissolvi皿g　O．5，1．0，15，2．0，25，3．O　and
4．Og　into　20ml　of　distilled　water，　Iespectively．
　　③Preparatien　ef　mushroom　eXt　ract
　　　　MushMroom　extract　was　prepared　as　follows；400g　of　mushrooms（［Agarieus　bisporuの
wele　added　to　500ml　of　bo避ng　wa‡er．　After　boiling　fbr　3　hrs，　the　extract　was　coole¢
filtered　and　dried．　Then　21％（WバV）aqueous　sol面on　of　mushroom　extract　was　prepared
as　a　stock　solut量on．　Zeroゴ2，5，8and　I　2ml　of　stock　solution　was　d丑uted　with　dist飢1ed
wa重er　to　make　up　to　100ml　of　each　concentration　of　mushreom　ex甑t　solu丘01㍉
respec廿vely．
　　（4）Breath　sampling
　　　　血the　exper圭ment　1，　breath　sample　for　sensor　analysis　was　collected　as　follows；
subj　ect　iinsed　each　concentration　of　the　garlic　solutio且fbr　I　min．　Breath　samples　were
collected　by　using　co㎜ercia1玉y　available　plast孟c　bags（OM【ODOAIR　SERVICE　Co・　Ltd
Tokyo　Japan），　which　were　polypropyleなe　tubcs（1．4　x　8　cm）connected　Via　stopcock・
Su1オect　bleathed　i皿to　the　tube，　and　dle　tube　was　closed　tighd｝r・　Befbre　r　nnsing　with　garlic
solution，　the　subject’s　breatll　was　also　collected　as　a　controL　Collection　process　was
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repeated　f（）r　4　days．
　　　　In　the　experiment　2，　the　same　su1頃ect　rinsed　each　concentra撹o皿of　mushroom　extract
solution，　after　rinsed　w姫1gof　gadic血20ml　of　d｛stilled　water　each　thne．　On　each
occasion，　breath　samples　were　then　con㏄ted　uslng　the　above　procedule　after　rinsing　and　at
10曲1ater．
　　　　In廿1e　expe血lent　3，　the　breath　salnple　from　8　subjβcts　was　collected　in　the　same
Inanner　befble，　after　and　at　101虹but　only　rinsed　wi血the　concentration　of　l　g　of　garlic　in
20mi　of　distt　led　water　and　8m　l　of　21％mushroo血extract　dilutcd　with　water　to　100ml．
　　　　王nthe　oxper重ment　4，｛he　breath　samples　of　5　subjects　were　collected加．　the　same
manner・as・above・f（）r　sensory　evaluation　before　a皿d　after　rinsing．　The　sutj㏄t曲ed　the
garlic　solution（With　coticentration　of　e．06g　of　garlic　h120正nl　distilled　water）and　100血I　of
the　mushroom　extract　solution（with　the　concentration　of　2ml　of　the　21％mushroom
eXtract　stock　solution　diluted　to　100ml　with　distilled　water）．　The　breath　sample　af｝er
血sed　with　the　garHc　solution　and　water　was　also　coUected　as　a　contζol．
　　　　Ih　the　expe血ent　5，　breath　sample　was　collected冒fセom　same　5　subjects　fbr㏄
analysis　by　using　Aoki’s血ethod（20）at　befbre，10，40　and　70min。　Each　su1オeot　r勧sed
her皿outh　with　2．Og　ef　grated　raw　garlic（鼓ssolved血to　20ml　of　pure　water　aロd　2001ng　of
21％mushroom　extract　steck　solution　dissolved　in　50m　l　of　distilled　water．　Exhaled　air
was　collected　respectively，　and　submitted　for　GC　analysis．
2）GC　ana匪ysis　pro¢edure　for　the　thiol　compounds　change　u皿der　i皿一Vitro　condition
　　　　In血e　expe曲ent　6，皿easurement・of・the・reacti・n　rate　between曲l　c・mp・皿d　and
mushroom　extract　was　canried　out　under　i　1．vitro　co且di｛ion．　The　tes重solution　fもr　GC
analysis　was　prepared　as　follows．　　　　　　　－
　　　　Met㎜e面ol（or　allyI面01）1mg　was　dissolved加1ml　benzene　and　it　was　prepared
to　6PPm．（methanethio1）or　2PP撫（aUy1‡hio1＞圭n　a　125ml　of　vial　botde・　Sb【1組of　21％
mushroom　extract　stock　solution　was　used　as　a　mushro　om　extract　sGlution．　Each　so1磁on
贈mixed　respec廿vely　and　s雌cted重・㏄analysis　t。　measure血e　change沁
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。・nce甜a廿・n・ver・time　for　methane曲1・r｛沮y1面・L　The　c・ntr・1・was・als・prepared　by
m垣ng　thioI　soIution　with　6血1　pure　water　in　a　125ml　of『vial　bottle　and　su切ected　to　GC
analysis．　Both　the　control　a皿d血e　test　solution　were　adj　usted　to　pH　7．2　with　sodium
hyd］roxide量
　　　　The　fbllowing　chemicals　were　used　as　an　hltenlal　standard；methallethiol，　dimethyl
sulfide　and　dimethyl　disulfide（Wako　Pure　Chemical　Industries，　Osaka，　Japan），　allylfhio1
（A1面ph　Chemical　Co・Inc，　USA），　allyl　me丑1yl　su］匿de（Tokyo　Kasei　Organic　Chemica王s，
Tolryo，　Japan）
　3）Sensoly　evaluation　procedure
　　　　Twelve　assessors　participated　in　the　stUdy．　After　assessors　were　trained　to　score　the
intensity　of　garlic　odors　at　various　concentradons，　they　were　given　one　set　of　plastic　bags
filled　with　breat　l　samples　on　a　tray．　They　evaluated　4　sets　of　breat血samples：（a）bfeath
sanlPle　befble　rinsing．（b）‘breath　saInple　after　gallic　solution　rinsh19．（o）breath　salnpIe．
after　garlic　solution　and　mushroom　eXtract血sing．（d）breath　sample　after　garlic　solution．
and　water血sing．　The　breath　Sample　bags　were　coded　with　randomiy　generated　3－digit
codes　and　presented　in　random　order．　Assessors　were　instnlcted　to　rate　odor　intensity　of
’each　breath　sample　in　the　order　starting　fro皿the　lefヒ，　on仕1e　5　point　scale－Ois　no　odor；1
barely　noticeablo　odor；2slight　but　cleady　Iloticeable　odor；3moderate　odoエ；4strong
odor；5extreme正y　foUl　odor（21）．　The　assessors　waited　at　least　l　min　between　sthnuli，
alld　each　session　lasted　a　total　of　5－10111i皿．
　4）Aiialytical　condition　　　　　　　　　　　　　　・
　　（1）Odor　se皿sor　analysis
　　　　AFox　4000　with　ACU　500　humidifier　was　used．　This　instrument　is　eqUipPed　With
18　metal　oXide　sensors，　inside　3　chLambers．　Each　cha血ber　contains　6　metal　oxide　sensors
（p，flat－plate　sensor；T，　tubular』sensor；SY，　non　doped　ti皿oxide　sensor，　a　temperature
sensor　a皿d　a　relative　humidity　sensor）．　To　provide　a　consta血t　fiux　of　vector　gas
1e3
（huエnid量f1ed　synthet量c　ahうthrough　e正ectro且ic　semsors，　a　humidifier（a辻conditioning　uniち
modeh　997，　Alpha－MOS）was　used．　The　analytical　parameters　such　as　breath　sample
qua皿tity，　headspace　generation　time，　temperature，　flow　rate　and　injection　time　were
determined．　Sensors　were　carefUlly　monitored　tG　make　sure　that　they　returned　to　basel圭ne
during　preliminary　tria重s，　and　the　optimum　time　was　feund　to　be　5　min　after　the　previous
breath　sample幻ection．　The　data　co11ection　i㎞e　lastedユ20　sec．　The　ca［der　gas　flow
was　set　to　1　50ml／血in　and　relative　hu　mnidity　was　regU　lated　at　20％．
　　　　Although｛he　FOX　electronic　odor　sensor　is　equipped　with　l　8　sensors，　only　the
results　of　a　limited墓㎜ber　of　me楓面de　sens。rs　were　chosen　for　fuither　analysis，曲r
el量minating　sensors　with　higher　mUIti－colinary　by　using　stepwise　regression　analysis，
SPSS　version　11．0　was　used　to　perform　the　data　prooessing．
　　（2）GC　ana嚢ys㎏
　　　　CompOurlds　were　identi五ed　us加g（｝C　and　GC　mass　speotroscopy．　The　gas
Qhro血iatography（Shimadzu　GC，14B）oondition、　was　as　follews；PPE　5　ring　10％，3．2鵬
x3．至mglass　column，　temperature　progralmned　fヒ⑪m　650C　for　3　n血1　to　I　70°C　at　30°C／曲．
Detector　was　FPD（140°C）and　ca面er　gas　was　N2（55　r【Wmin）．　GC－MS　co繭tions　were
as　fol1。ws；㏄一MS（Shimadzu　GC－MS　Qp　l　oOo）舳趣ed－sil　ica　capillary　colunm
（Supe玉co　SPB－1），0．32　mm　x　30血glass，　temperature　progra㎜ed　f士om　60°C　to　170°C　at
300C／血i亘and　he｝d　at　170°C　fbr　2m圭n．　Ca㎡er　gas，　He（2　nレmin）wi血afused　s丑量ca
capillary　colu　n（Supelco，　SPB－1）temperatUre　maintained　at　60°C／min　and　170°C　fbr
3min．　EI　mode　at　70eV．　Source　temperature，1800C，㏄一MS　inte血ce　temperature，
2500C．
3．ResuRts
　1）E置㏄魯onic　odor　sensor　a盤alys韮5
　　（1）Expe】【噛me且t　l
　　　　in　the　experirnent　1，塩e　s副iSitiVity・f廊e・d・r　sens・r　ag歯st。d。磁en鱒誼er
嫁nsed　with　d量f財e煎conce撫ations　of　garlic　so韮ution　was　s雛died　for　a　sing1e　subj　ect・
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　　　　Figure　l　Pri・・cipal　c・mp・nent　sc・re　pl・t　f・r　breath　in　the　sample　rinsed
　　　　　　　　　　　　　with　various　conce皿trations　of　the　garlic　solution．
Co皿trol；Samples　collected　before　rinsed　with　garlic　solution　of　O．5，1．0，15，2．0，
　　　　　　2．5，3．0，35and　4．Og　i皿20m　1　distilled　water　respeCtively．
Garlic］dnsing；Samples　co11ected　after】einsed　with　garlic　solution　of　O．5，1．0，1．5，
　　　　　　2．0，25，3．0，3．5and　4．Og　in　20血l　distilled　water　resp¢ctively．
　　　　P血cipal　component　analysis（PCA），　which　can　reduce　the　compleXity　of　the
mU　ltiple　datasetS　to　a　few　dime皿sions，　was　used　to　evaluate　the　data　of　odor　sensor　that　is
based　on　relative　resistance　changes（％△R∠R）from　the　mUltiple　metal　oxide　sensors．
Data　of　18　sets　of　sensors　were　reduced　to　that　of　2　sensors　by　step－wise　regression
analysis．　PCA　was　performed　on　the　covariance　matrix．　P血cipal　component　score　ploち
PC　l　and　2　was　shown圭n　Figure　1．　PC　l　and　2　were　chosen．　fbr面s　representation　since
the　h皿portance　of　the　tWo　principaユcompon6nts　was　98．92％and　O．61％and　the　first　two
priiicipal　co1皿po鵬nts　explained　most　of　the　varia皿ce　alnong　breath　samples．　According
to　the　great　i皿por由血ce　ofPC　l，the　data　distribution　is　nearly　one－dimensio皿aL　正n　Figure
l，breath　samples　formed　tWo　big　clouds．　The　higher　the　garlic　concentration，　the　more　to
the　right　of　the　axis　the　l）reath　sample　is　located．　Controls（brea血samples　before　garlic
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面sing）were　grouped　together　mLore　tightly　on　the　left　side　of　the　x－axis．　Abreath
sample，　rinsed　with　a　concentration　of　O．5g　dissolved　in　20ml　of　distilled　water，　was
measured　as　an　outlier　since血e　concen廿ation　was　so　smalhhat廿1e　sensors　could　not
detect　it　welL　From　the　tendency　of　the　PCA　graph，　it　can　be　concludod　that　PC　l
represents且concentration　ofVSC　compounds圭n　the　breath　s　ampIes．
　　　　To　compare　the　breath　samples　distance，　a　s圭milarity丘ndex　fbmlula　was　used　to
mea…ure　the　relative　difference　between　the　breath　samples（22）．　The　s血iladty　index　is　a
compilation　of　all　Euclidean　distances　between　two　samplos．　The　greater止e　variation
between　salnLples　is，　the　bigger　the　shn三lality　index　becomLes．　Although　the　sh皿ilarity
index　does　not　show　any　sta‡istical　signif量ca且ce，もy　using　Euclidean｛翌stances，　it　gives　a
scale　with　which　ids　easy　to　interPret　the　relative　si皿ilarity　betWeen　indiVidual　samples，
’taki皿g　into　accourlt　the　variallces　a拠o且g　sampIes．　Ordinary　Euclidean　dista且ce　was
caユcUlated　on　the　raw　data　of　the　sensor　response｛br　eacll　co且centration．
　　　　Comparisons　of　s量milahty　indices　indicate　that　the　aU　breath　sa鵬ples　after　garHo
rhlsing　yielded　obvious　difference　fヒem　its　co且tro韮．　Breath　sa皿ples　wi血　garlic
concentration　of　1．Og　in　20ml　distilled　water　yielded　a　s掘1ar量ty　index　of　55，　which　is
much　bigger　than　that　for　garlic　concentrationL　of　O．5g　in　2Gn盛distiUed　water　and　values
became　smaUer　as　ga出c　concentration　becomes　higher　f士om　2．Og　to　4．Og．
　　　　These　results　suggest　that　odor　i1猛ensity　beco正nes　higher　as　the　garlic　concentration
increases　bUt　the　intensity皿ay　reach　a　plateau　as　the　VSC　concentration　in　the　mouth　is
saturated．　From　this　resulちgarlic　conce鉦tration　was　fixed　at　l．Og　in　20ml　distiHed　waler
fbr　the　fbllowing　expetments．
　　（2）Experime皿t　2　　　　　　’
　　　　Deodorization　effect　of　mushroom　extract　with　different　concentrations　was
investig耳ted　fbr　the　same　subj　ect．　The　quantity　ef　the　garlic　selution　was　fixed　to　1．Og　h1
201nl　distilled　water，　wh圭王e　1皿ushroom　extract　concentratioPs　were　varied　with　z6ro，2，5，8
and　12mユof　stock　sGlution　d韮uted　wif巨dist盗ed　water　to　Inake　it　to　100ml　of　each　test
s・luti。n、re＄pe。tively．　PCA　m・dels　we㈹戯曲重e伽d　p1・ts　were　presented　in　Figure　2・
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Figure　2
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P血cipaI　component　score　plot　for　the　breath　sample　r三nsed　with　the
garlic　solution　a皿d　the　variou．s　concentrations　of　the　mushroom　extract．
婁章：Brea血samples　obta血ed　before，　after　and　at　l　Omin　rinsing　with画e
　　　　　　　　　　　　　　　　　　　　　　　in　20ml　of　distiUed　water）．
N，NahdN
　　　gad三c solution（1 g　of garlic　dissolved
2，5，8aIld　12：Breath　s　alnples　obtained　befbre　r沁sed　with　the　garlic　solution（l　g　of
　　　garlic　dissolved　in　20m1　of　distilled　water）and　mushroom　ex廿act　of　2，5，8and
　　　12ml　of　21％stock　solu｛ion　d翌uted　wilh　dis廿11ed　water　to　100mi　respectively．
2’，51，8，and　12，：Brea血samples　collected　after　imsing　wi｛h　the　garlic　solu雌on　and
　　　　mushroom　ext【act　of　2，5，8a血d　12ml　respect玉vely．
2韓，5鯉，8”and　12雪1：Breath、　samples　collected　at　10mi且after　rinsing　with止e　garlic
　　　　solution　and　I皿ushroom　extract　of2，5，8and　12nll　respectively．
　　　　Again　PC　l　and　2　were　chosen　for　this　representation　since　the　irnpOrtance　of　the　two
p血cipal　compOnentS　was　86，43％and　10．82％．　PCA　resU　It　clearly　separated　the　breath
samples　into　3　d玉fferent　groups．　Breath　samples　rinsed　with　the　garlic　solution　were
found　at　th．e　far　right　side　of　the　x－axis．　On　the　ether　hand，　tbe　controls　were　grouped　on
the　far　Ieft　side　of　PC　1．　The　breath　samples　after　r量nsed　with　the　garlic　solution　a血d
mushroom　eXtract　were　Iocated　around　the　y－axis　through　the　zero　origin．　Thus，　PC　l　can
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be　also　interpreted　as　represen血g　the　VSC　concentrations　in　the　brea血samples．
　　　　From　Figure　2，　it　is　obvious　that｛he　VSC　concentrations　in　the　breath　samples
reached　a　peak　af亡er　garl量c血…ing　and　didn’t　decrease　much　afしer　10　mig　but　the　VSC
concentration　for　the　breath・saエnple　after　Inushroom．　extract　rinsing　decreased　drastically．
No　large　difference　of　the　deodoriZing　effect　among　various　concentrations　of　mushroom
extract　was　observed．　Therefbre，　the　concentration　of　8　nll　of　the　stock　solution　d麺uted
With　diStilled　water　to　make　it　to　100ml　aqueous　solution　was　chosen　fbr　the　fbIlowing
eXPerirn・ent　fbr　GOnVenie皿Ce．
　　（3）Experimeロ亡3
　　　　Measurernent　was　conducted　to　delnon｛蛇rateでhe　deodorant　ability　of　mushroom
eXtract　for　mUltiple　subj　ectS．　ResUlts　of　eight　subj　ects　are　shown　in　Figure　3　fbr　breath
㎜ples　collected　b合fbrθ，　a丘er・and・at・10・min．
Figure　3
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　Principal　component　score　plot　for　breath　odor　of　eight　subj　ects　rinsed
w童th　the　garlic　solution（1　g　of　garlic　dissolved　in　201nl　of　distiIled　water）
and　mushrooln　eXtract（8皿10f　21％stock　soIutio皿diluted　with　distilIed
water・tO・100mi）as・btained・Wi血electr・nic・sens・rs・used・
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W1；　（iroup　of　breath　samples　for　8　subjects　collected　before　rinsing　With　the　garlic
　　　　solution．
le8
GO：（i辻oup　of　breath　samples　fbr　8　subj　ectS　conected　after　rinsing　with　the　garlic
　　　　solution．
G10：Gfoup　of　breath　samples　fbr　8　subjectS　collected　at　I　Om圭n　a　fter　rinsing　with
　　　　血egarlic　solutio皿．
W2：Gτoup　of　breath　samples　fbr　8　subj　ects　colleoted　bef（）re　rinsing　with　the　garlic
　　　　solution　and　mushroom　extract．　　　　　　．
MO：（［iroup　of　breath　samples　of　8　subj　ects　collected　after　rinsi皿g　w量th　the　garlic
　　　　so重ution　a皿d皿uslN700m　eXtract．
MlO：（lroup　of　brea止sarnples　of　8　subjectS　collected　at　10min　after血sing　with
　　　　the　garlic　solution・an．d　rnushroom　extract、
　　　　PC　l　and　2　were　chosen　fbr　this　representation　si且ce　the　importance　of｛he　two
principa重components　was　76．50％and　19．46％，　which　explained　most　of　the　variance
among　the　breath　samples．　i　l　this　PCA　map，　breath　samples　can　be　sorted　into　fhree
different　clouds；the　groμp　in　which　samples　were　coilected　after　garIic血sing（GO），　the
group　before　the　mushroom血sing　and　after｛the　garlic血曲g甜0血1（W2　and　G　l　O）and
the　9roup　before　the　garlic　rinsing，　and　a丘er　mushroom血sing　and　at　l　O皿in（W　1，MO　and
M10）．　Although　plot　shows　the　strong　deodortzing　effect　of　mushroom　eXtract　toward
mUltiple　subj　ects，　the　fact　that　each　subj　ect　Within　a　group　was　not　closely　spaced　in　the
PCA　map　suggestS　that　there　was　considerable　variance　in　the　output　of　the　sensor　values
as　a　resU　lt　of　the　inherent　variability　of　VSC　qua皿tities　i　1　each　subj　ect’s　breath．　Thus，　it
is㎞porta血t　to　account　for　physiological　difl？erence　of　each　subj　ect　a且d　identify一血e　outlier・
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Figure　4
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T2　chart・f・breath・d・r　samples・f　eight　subjectS　at　。r－　O．Ol，　after
ri皿si皿g　with　the　garlic　solution（1　g　of　garlic　dissolved血20　mi　of
distilled　water）as　obtained　with　hlstnment　sensors　used．
NBE　S1～NBE　S8：Breath　samples・f　eight　subjectS　c・11ected　be魚re血s血g　wi血
　　　　the　garlic　solution．
NOM　S　1～NOM　S　8：．　Brea血samples　of　eight　subj　ects　collected　after血sing　with
　　　　the　garlic　solution．
N10　S　1～N　10　S　8：Breath　samples　of　eight　subj　ects　collected　at　l　Omin．　afLer血sing
　　　　With出e　garliC　SOIUtiO皿．
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Figt旺e　5　　T2　chart　of　breath　odor　samp正es　of　eight　sut彗ects　at（z＝　O．01，afしer
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　　　　　　　　　　　rinsing　wifh　the　garlic　solution（1　g　of　garlic　dissolved　in　20ml　of
　　　　　　　　　　　disti皿ed　water）and　mushroom　ext　aact（（8ml　of　21％stock　solution
　　　　　　　　　　　d置uted　with　dist韮led　water　to　100m1）as　obtained　with　inst㎜ent
　　　　　　　　　　　sensors　used．
PBE　S　l～PBE　S　8：Breath　samples　of　8　subjects　collected　before　rinsing　with　the
　　　　garlic　solution　and　mushroom　extract．　　　．
POM　S　1～POM　S　8：Breath　samples　of　8　subj　ectS　collected　after血sing　with　the
　　　　garlic　solutio皿and　mushroom　extract．
PlO　S　1～P10　S　8：Brea｛h　samples　of　8　subj　ectS　coUected　at　l　Omin　after　iinsing　With
　　　　the　garlic　solution　and　mushroom　ermt．
　　　　T2　charts（Figure　4　and　5）provide　a　clear　overview　of　the　magnitude　by　which　each
su切ec£is　deviated　fヒonl　the　desired　mean　at　the　5％1evel　of　confidence（23，24，25）．猛
variables　do　not　exceed　the　desir・ed　mean，　the　T2　contro1　chart　is　in　control，　and　the　pro　cess
is　supposed　to　be　set　on　a　stable　variabil三ty．τhe丘rst　co且trol　chart　in　Fig　4　shows　the’data
fir・m　8　s呵幡狙er血sed舳the　g肛lic　s・lu廿・皿，．T2　value，　which　is。・nvenientiy
labeled　as　an　odor　unit，　accounts　fbr　deviations　of　each　8　subject’s　average．　Upper
control　hlnit　represents　2σa皿d　T2　value　higher　than　upper　control　limit　shows　the　subj　ect
deviated　fヒom　the　target　value．　For　炉0．01，　computed　T2　values　of　all　8　subjects
exceeded走he　control　l血iちwhiIe　va　lues　at　10　min　fell　under　the　control　1imit．
　　　　These　results　show　that　coπesponding　means　of　sensor　ou‡puts　fbr　the　brea｛h　odor
after　garlic　solution　rinsing　were　significantly　diffeTent　from　the　means　of　the　control，　but
止e血te嚇level・f血e　brea血・d・rretUrnedt・血e　c・ntr・11evel誼er　lO曲a2＞UCL）．，
　　　　Figule　5　shows　a　T2　cha亘atα＝0．01　breath　samples　after血sed　with　mushroom
extract　befbre，　afセer　and　at．10　min．　Although　there　is　one　out蓋ier，　it　is　worth　ne血g　tbat
the　breath、　samples　ofthe　subj　ectS　who　rinsed　With　mushroom　extract　fell　under　the　desired
Iimit，　re脚ess・f血e　c・Hec亘・n㎞e・Thus，　by　using　a　T2　c・nセ・1　chart，　we　c・Uld
dete曲e　whether　the　majority　of　su切ects　fel重under　the　desired　criteriε』a1玉owing　fbr
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individual　variances　and　proved　the　strong　deodorant　effect　of　mushroom　extract．
　2）Sensoly　eva甚uation
　　（1）Experiment　4
　　　　Breath　samples　of　5　subjects　after］dnsed　with　the　garlic　solution　a血d　mushroom
extract　were　also　analyzed　by　using　the　senso］ry　ev副uat量on，　ANOVA　with　LSD　post
testing　compared　the　differences　in　increase　of　the　intensity　between　the　breath　samples
over　tirne　for　different　subj　ectS．　ANOVA［4　main　factors：3treatments（without　and　wi血
Inushroom　extract　and　water）x2sampling　times（befbre　a且d　after）x5subjects　x　12
assessors］was　used　and　their　interactions　were　calculated．　The　result　revealed　that
significant　e｛fect　amo血g　treatrnents，　times，　assessors　but　no　significant　difference　among
subj　ects（P＜0．001，　P＜0．001，P＜0．001　and　P＞0．05，　Table　1）．
　　　　’Ihe　po　st　hoc　comparisons　using　LSD　test　was　caloulated　to　compare　the　differenee
among　treatme皿ts．　The　res誼revea王ed　that　the　brea止odor　aiRer　mushroom　extract
亘nsing　was　rated　as　significa置tly　weaker　than　the　breath　samples　with　water　rins量ng
（P〈0．001）．
　　　　Since　main　effect　of　‘‘saエnpling　time”was　significant（P〈0．001），　it　may　lead　us　to
speculate血t　there　is　n。　si肝面c礁（hf陀rence　of　odor㎏tensity狙er　mushroom　ex仕a。t
血…ing．　H・wever，血terac廿・且betWeeパ‘tirne”x‘lreatment”was　als・sig面cant
（P＜0．001）．　By　examh血lg　the　average　value　of　each　subject　a負er　mushroom　extract
由sing，　it　appears　that　increase　of　the　intensity　score　after　mushroom　eXtract　rinsing　is
much　smaller　tlan　that　of　Witheut　mushroom　extract血3ilg．　This　concludes廿1at
mushroom　extract　rinsing　coUld　effectively　suppress　the　intensity　of　the　breath　odor　af㌃er
the　garlic　solution　rinsin9
3）Corre璽atien　betWeen　electronic　odor　sensor　a皿d　sensory　an盆量ysis　data
　　　　The　next　problem　is　whether　the　result　of　sensors　is　cotrelated　with　that　of　the　odor
intensity　der【ved　from　sensory　measurements．　The　par症al　least　squares（PLS）Inethod
ll2
determi皿es　the　correlation　betw㏄皿multiple　breath　saエnples　6f　o　dor　intensity　sGores丘oエロ
sensory　evaluation　and　the　outPut　sensor　values　f士o正n　hlstru皿ent　sensors（26）・　If　there　is．
high　correlation　between　the　tWo　outputs，　sensor　values　can　predict　the　o　dor　intensity　of
unknown　breath　samples　estimated　by　the　appropriate　correlation　mode1．
　　　　Fig皿re　6　shows　the　PLS　model　derived　fセom　the　output　value　versus　the　average
i皿tensity　scores　of　sensory　evaluation・　The　x－axis　repreミents　the．average　odor　intensity
ob｛纐皿ed　by　sensory　evaluation　and　the　y－axis　represents　the　predicted　ouq）ut　vaIue　of　the
sensor．　This　PLS　mo　de1　resUlted　in　a　correlation　of　O．85　betWeen　the　tWo　measure皿ents．
And　its　equation　of　the　mode1　was　Y　l　・・　O．596＋0、725×1．
　　　　This　figure　shows　that　the　sensor　assessment　accurately　predicted　the　odor　i皿重ellsity
scores　of　difi7erent　odor　brea血samples　as　as　sessed　by　huma皿evaluation．
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Figロre　6　PLS　model　derived　fヒom　the　results　ou‡put　v副ue　fヒom　inst㎜ent
　　　　　　sensors　for　8　subj　ects　versus　the　averaged　intensity　scores　of　12
　　　　　　aSSeSSOrS　frOm　SenSOry　eValUatiOn
4）GC　analysis
（1）Elperiment　5
　　　The　GC　analysis　was　conducted　for　the　determination　of　change　in　the　VSC
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concentration　after　mushroom　eXtract血sing血human　breath　by　using　Aoki，s　method（20）．
Breath　sample　of　5　subj　ectS　without　and　with　mushroom　eXtract血sing　was　analyzed．
Typica1　gas　chromatograms　of　breath　sample　of　subj　ects　a食er　rinsing　with　garlic　solution
u皿der　without（left）or　with（ri　ght）mushroom　extract　rinsi皿g　condition　are　show皿in　Figure
7．
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Figure　7　Gas　chromatogram　analysis　of　the　expi蝋ions　of　the　sゆ｝ectS　assessed　after
　　　　　　　lOmin　of　ingesthユg　garlic　under　rhlsing　wi出out（left）or　with（right）nlushroom
　　　　　　　extract　condition
　　　　Ana　lytica1　conditions　are　described　in　the　teXt、　Peak　components　were　as　fbnows：1。
methanethiol；2．　d㎞ethy夏suliide；3．　allylthio　l；4．　allyl　methyl　sulfide；5．　dimethyl
disulfide，
　　　　Five　peaks　were　ideロtified　by㏄一MS　with　the　standard　reage瓜colresponded　to
methanethiol，　dimethyl　suHide，　allylthio1，　aUyl　methyl　sulfide　and　dimethyl　disu雌de，
ll4
respectively（Figure　7）．　Tl　te　molecUlar　ion（M†）values　of　each　substances　ide皿tified　by
GσMS　were　as　fbllows：斑ethane血iol　M＋需nゾz　48；dimethyl　su1丘de　M†＝mfz　62；
allylthiol　Mナ＝m〆z　74；allyl　methyl　sulfide　M＋＝m／z　88；dimeth．yl　disu1且de　Mナ＝m／z　94．
Values　of　5　iden棚匠ed　compounds　fbr　5　sゆlects　were　ana王yzed　by　separa重e　ANOVA（3
factors：2treatments　x　3　Gollected　thnes　x　5　su㎏ects）fbr　each　compound（Table　2）．
Table　I　　lntensity　scores　of　12　assessors　fbr　5　su切ectsl　breathL　with　and　wifhout
　　　　　　mushroom　eXtract　rins血9・a昇d　water　ri皿sing
Treatment No　mushroom血s　inwater＊＊ Mushroom血sin
Sam血time BefbreAftorBeforeAfterBefbreA丘er
Subje。t　l
Subj　ect　2
Subj　ect　3
Subj　ect　4
Subj　ect　5
　　1．333
（0．1304）
　　1500
（0．1304）
　　1．333
（0．130）
　　1．417
（0．1304）
　　1、417
0．1304
　　3．083
（0．1304）
　　3．167
（0．1304）
　　2．917
（0．130）
　　3．083
（0．1304）
　　3．083
0．1304
　　1．500
（0．1304）
　　1．583
（0．130）
　　1．417
（0．130）
　　1．500
（0．1304）
　　1．417
0．1304
　　2．750
（O，1304）
　　2．750
（0．130）
　　2．667
　　0．130
　　2．667
（0，1304）
　　2．750
0．1304
　　1．583
（0．1304）
　　1．417
（O，130）
　　1．417
（0、130）
　　1．333
（0．1304）
　　1500
0．1304
　　2．250
（0．1304）
　　2．250
（0．130）
　　2．333
（0．130）
　　2．167
（0．1304）
　　2．167
0．1304
Scores　are　assessed　in　the　scale　of　l　to　5土standard　error　of　the　mean　ef　five　subj　ects．
Scores　are　assessed正n　the　scale　of　l　to　5土standard　error　of　the　mean　of　five　subjectS．
＊pく0．05：Significant　difference　of　the　o　dor　intensity　betwee皿the　water　rinsing　condition
and　no　rinsing　condit量on　by　LSD．
＊＊吹モO、001：Sign迂ica耳t　difference　of　the　odor　intensity　between　the　mushroom　extract
rinsing　and　the　water　rinsing　condition　by　LSD．
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Tabユe　2　　Concentrations　of　thiol　and　sulfide　compounds　with　and　Without
　　　　　　　　mushroom　extract血sing　by　GC　measurement．
Me舳e1亜o監ime血yl　s吻1湘A皿y霊価ol yl　m晦1　s吻hid血e重血yl　d量sulphide
W董hout　w赴h★
?撃狽窒＝曹煤@o㎞｛嘘
Wi伽皿l　With
?撃狽高盾煤@eltmct
without　wit血勲
?倹Iact　e：h’a｛沈
Without　Wit血
?ﾜtract　e鰍t
Wi伽ut　Wit蝕
所｢缶韻駆剛
Sa即hng㎞e
adb鵬
奄庶M血
R0㎡n
S0血1
0．014　0．014
i0．031）0．031
C922轍2562蝋
i3．072）（2253）
O．452　0．i蛎0
i0273）（0．593）
O．068　0．120
i0．109）（0．112｝
0．000　0．000
i0．0駈）（0．㎜）
O，024　0．012
i0．018｝（0．02力
O．008　0．㎜
i0、㎜）（0．㎜）
O，㎜　　0．㎜
io．ooo｝（o．㎜）
　 ．000　0．000
i0．000｝（0．㎜）
W278轍4．982轍
i2．72乃（棚1｝
@　1，264　1石26
io．鯛（1．蜘
@　0。132　0．240
i0．189）（0、159）
．000　　0．000
i0．000）　　（0．000）
O328　　0．294
i0．0％）　　（⑪348）
O．1認　　0．2％
i0．099）　　（0238｝
O。026　　0．116
i0．031の　　　（0，128）
．⑪00　　0．00⑪
i ．㎜）　（0．000）
ｿ008　　0．㎜
i0．000｝　｛0．011）
O．㎜　　0．000
i0．㎜｝　（0．㎜）
O．㎜　　0．㎜
?Dooo｝　（o．㎜）
Co皿centratio皿s　are　expressed　in　ppm士standard　error　of　the　mean　of　five　su切ects．
＊p＜O．01（reduction　ofthe　concentration　fbr　mushroom　ext置act血sing　conditio皿by　analys量s
of　variance）
＊＊吹モO．05（reduction　of血e　co血centration　for　mushroom　ex仕act　rinsing　co皿ditio血by
analysis　of　varia皿ce）
＊＊＊o＜0．Ol（redu（虹on　ofthe　concentration　over　time　by　al　talysis　of　variance）
　　　　Although　there　was　a　physiological　variation　f（）und　am．o皿g　subj　ectS（P＜0．001），　there
is　a　significant　reduction　of　the　amo㎜t　of　methane血iol　a皿d　allylthiol　compounds　afしer
m曲・・m・eXtract血sing諭ndicated　by　a　significaht曲曲ct・f止e位eatment（P＜0．01，
P〈0．05）．　In　contrast，　valups・of　suHide　compounds　showed　no　s三gnificant　difference
between　wifh　treatm［ent　and　wi血out　treatment（P＞0．05）．　Amou皿t　of　th¢concentration　of
thiol　and　other　su1fide　compounds　significantly　decreased　over　time（P＜0・001）・　Si皿ce
interaction　between　the血sing　co皿dition　and　the　t面e　was　also　significant　for　thiol
compounds　（P＜0．001），　subsequent　analysis　of　th皿e　dif正もrence　i皿　each　condition　was
conducted．　Although　amount　of　the　reduction　of廿1iol　co血pounds　over　tixne　was
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signifir　cant　in　both　conditions（P〈0．Ol），　more　reduction　of　the　co皿centratio皿over　time　was
observed　w量th　treatment．　Measurement　of　methanethiol　and　allylthiol　made　at　l　Omin
showed　mLore　Teductien　of　the　concentration　w量th．　treatment　than　w童thout　treatment．
These　analyses　show　that　mushroom　extract　oan　effectively　supPress　the　production　of
methane血01　and　allylfhiol　quickly．
　　②Expe舳e延t　6
　　　　The　reducing　activity　of　mushroom　extract　against　methanethiol　a血d尋録ylthioI　was
inedSured　in　in－Vitro　environment　to　i皿v弓stigat¢under　the　d憾erent　reaction　rate．
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Deodora且t　activity　of　mushroom　extract　against　methanethiol（1e長）and
　　　　　　　　　　alIyI｛廿ol（right）solution圭n　the　in－vitro　condition．
●：Change　in　the　head　space　gas　co皿cen廿adon　of　thiol　compo㎜d　dissolved㎞o　benzene，
▲：Challge　hl　the　head　space　gas　conce皿tration　of　each仕丘01　cornpound　dissolved　in　pure
　　　water
聰：Change　in　the　head　space　gas　concentration　of　each　thiol　compound　solution　mixed　with
　　　皿ushroom、　extract．
　　　　Figure　8　shLows　the㏄measurement　of　the　amount　of　the蟄esidual　thiol　compound
over　time　in　mixing　with　polyphenol　compoullds．　Clear旦y，　over　time　of　the　reaction，
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methanethiol　content　rapidly　decreased　and　reached　zero　i　130min　after　miXing．　The
same　tendency　was　found　for　the　arneunt　of　allylthiol　monitored．　As　a　contro1，　change　i　1
・血eheadspace　gas　concentration　of血iol　compoUnd　dissolved血distilled　water　was
I皿easured・　Little　alnount　of　thiol　compounds　d㏄reased　over　time．　This　result　indicated
that　deodorization　of　the　breath　odor　was　significant加the　resUlts　of　the　al王above
experiments　mentioned，血ot　b㏄ause　the・odorous　compounds　were　dissolved　into　the
aque・us　s・luti・n・　but　because　mush「・・m　extract　had　a　significant　impact・n　eliminating
odorous　co皿pounds．
4．1）iscussion
　　　　　VSC　conte皿t　in　a　nlouth　consists　essentiaUy　of　hydrogen　sulfide，　methanethiol　and
血ethyl　sUlfide・which　has　ve・y　l・w血esh・ld，　with　a　distinct　unpleasant。d・r（8）．1舳e
above　experiments，　halitosis　was　induced　by血outh　rinsing　With　garlic　solution．　Rinsing
resU　lts　in　the　generation　of　a　malodor　and　itS　VSC　content　is　smilar　to　tho　se　arisi皿g　fヒom
the　oral　malodor　breath（5）．　Negishiθ’al．　proved　the　chemical　mechanism　of
de・d・血a廿・皿・f　p・1yphen・l　c・mp・unds　in　mushr・・m　ex仕act卿血st　methanethi・1（15，
27）．　Thus，　w孟th　this　mechanism　as　a　hypothesis，　the　deodorization　effect　of　the
mushroom　extract　against　the　garlic　induced　breath　odor　was　demonstrated　by　way　of　the
electr・nic・d・r　sens・r，　the　sens・・y　evaluati・n　and血e　GC　an訓ysis　wi血i画v。　and
m－vttro　setth玉g．　In　the　experiment　l　to　4，　measurement　by　the　odor　sensor　aロd　the
sensory　analysis　demonstrated　that　ola1エnalodor　was　coエrelated　with　the　VSC
co皿cen廿ation　hl　mout血and　mushroom　extract　significantly　reduced血e　nlalodor．　The
GC副ysis　c㎝iden曲㎝d－quantify　indiVidual　c・mp。nents・in・the・brea血sample，　even
when血ere　is　a曲㎞g　e熊ct　by且av・red　c・mp・nents，　w瞳ch燃es　it　h肛dert。　detectthe
odor　by　the　sensory　evaluatioIL　In　the　exper董ment　5　and　6，　the　GC　resuIt　showed　that
mal・d・r　brea血匝er血sing　With　the　garlic　s・1面・n　is　caused　by　v・latile　c。噸皿ds，
画c曲1y　by血・l　c・mp・undS．　Alth・ugh　the　individual　difference　am・ng　the　subjectS
was　observed，　the　concentration　of　thiol　compounds　was　significantly　reduced　upon　1ゴ皿…ing
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with　mushroom　extract．　therefore　it　can　conclude　that　results　ob面ned丘om　three
different　analyses　were　a11　correlated．　Although　quantity　of　garlic　used　f（）r　senso】［y
evaluation　is　smaller　than　that　fbr　electronic　odof　sensor　and　GC，・it　is　due　to　the　sensitivity
d櫛erence　fbr　each　analysis　fhat　was　fb囎d　hl　the　pre㎞ary　experiment．
　　　　Although　what　mecha曲m　might㎜derHe　the　reduc⑳n　of　volatile　sulfhr　compounds
mus重be　invostigated　fUrther，　the　rnain　deodorizatio皿m㏄hanism　may　be　attxibuted　to　the
addition　reaction　of　thiol　colnpolmds　to　polyphenol　compounds　hl　the　mushroom　extracち
which　resU　lts　in　suppression　of　volatile　sulfUr　compound　production．　It　is　widely㎞own
出at　mLonophenolic　comPounds　in　plants　and　fi7Uits　＆　vegetable　are　hydroxylated　to
o－diphenols　血　the　presence　of　oxygen　and　poIy童）henol　Oxユdase，　and　are　oxidized　to
o－qUinones　（28，29，30）・　These　quinones　are　subsequently　polymerized　with　other
phen。1量c　compounds　tq　cause　brow血g　reactiqns（31）．
　　　　Numbers　of　the　studies　have　been　demonstrated　fhat　co切ugating雌ol　compounds　to
血eo“qtmones　to　ferm　addition　compound　oan　preve工蛇f吐r血er　POIymerization　reaotion　and
browning　reaction（27，32，33，34）．　This　rnechanism　has　beell　applied　f穏ther　to　st肛dy　the
deodoriZing　activity　of　plants　a皿d　f㎞it＆vegetable　extracts．　In　green　teεちproduction　of
methanethiol　was　f（）und　to　be　suppressed　by　the　methylthio　group　addition　to　the
o－qu血one　generated　fセom　（一〉－epigal1㏄at㏄hin　gallate　in　the　prese且ce　of血e　oxyge且．
Mushroom　　contains　a　large　amount　of　polyhydric　phenols，　mainly
γ一レglutaminyl4－hydroxybenzene　（GHB）　in　　the　gi且　　tissue　and　tyrosine．
L－3－（3，4－dihydroxypheny1）alaI血e（DOPA）and　guano　si且e　5’－dipho　sphate　aIso　prβsent　i皿
small　amLount（34，35）．
　　　　GHB　is㎞own　to　be　i皿vQIヤbd　in　me1anogenesis　in／Agaricus　bisporus（36），　catalyzed
by　tyrosinase　or　phenolase．　Tyrosi皿ase　is　th、e　principal　el｝zy血e血volved　in　browning
「eactions　in　Agaricus　bisporus（37），　which　catalyzes　hydroxylation　of　mo血ophenols　to
form　o・diphenols　a血d　oX　i｛lation　of　diphenols　to｛lorm　o－diquinones　in血e　presence　of
oxygen・　It　has　been　reported　that　Agaricus　bislワorus　carried　a　high　deodolizing　actiVity
toward斑ethanethiol（15）．　Conj　ugated　substance　2，5一もis（methylthio）－DOPA　was　fbund
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as　a　result　of　the　addition　reaction　of　methanethiol　to　the　o－qtmone　structure　produced　by
oxidation　of　tyrosi血e　by　tyrosj曲se．　Since　it　is　known　that　tyrosinase　hyd眈oxylates　GI｛B
intoγ一L－glutaminy1－3，4－dihydroxyb　enzene（GDHB）and　then　to　oxidize　GDHB　into
y’L・91utaminyl－3，牛benzoquino皿e　during　the　melanization　process　of　sporogenesis（38，37），
same　addition　reaction　as　tymsine　ca皿also　be　speculated　for　GHB．
　　　　For　h耐her　cla面cadon　of　the　el血ination　mechanism，　the　reaction　rate　for　nula　was
calcUlated　fbr　each　compound丘om　the　result　of　the　experiment　6．　The　reaction　rate
fommUla　of　metha且ethiol　or　a皿ylthiol　With　polyphenol　compou皿ds　was　as　fbllows，
respectively；ln［CH3SH］＝－0．6299　t＋4．2921，㎞【C3HsSM＝－0．5723　t＋2．0280
　　　　Value　of　the　reaction　rate　for　metl　aanethiol　was　smaIler　tivaii　that　fbr｛allylthio1．　That
means｛the　reaction　of　the　former　pro　ceeds　somewhat　faster　than　that　of　the　latter．
　　　　For　obta血hlg・informat三〇n　afn㏄t走ng　this　reaction　rate　difference，　we　deoided　to
perfb㎜ab　initio　calculation　of　conj　ugate　additions　of　methane－and　al五ylthiol　to　o－quinone
as　the　simplest　model　at　the　B3LYP／6－31＋G＊level　of　theoly．　First　of　a11，　HOMO　energy
levels　of　these　two仕面ls　were　obtai　led　as－6．582　a且d－6．649　eV，　respectively，・曲ich　at
least　qualitatively　supPorted　the　better　reac粧vity　of　methanethiol　as　the　1＞鎧chael　donor　on
the　basis　of　the丘ontier　orbital　theory．　Computa主ion　of　the　trans量tion　states　was丘rther
carried　out　fbr　m．ethanethiol　addition　to　the　activated　protona重ed　o－qUinone　leading　to　the
fb皿ation　of　intermediates　int－A，　hlt－B，　and】ht－C　by　dle　attack　at　its　1，3，　and　5　positions．
Mechanism　of　the　reaction　and　its　formation　of　the　inter　lediates　are　illustrated　in　Figure　9．
It　was　clarified　that　attack　at　the　5　position　of　the　activated　carbonyl　group　was　the
plausible　route　because　only　this　precess　fumished　the　energetically　more　stable
intermediate　ht－C　by　O．58k己al／mol　aRer　passing　the　very　low　energy　barrier　of
4・41kcal／moL　Attack　at　the　l　and　3　positions，　with　the　activation　energy　of　3・61　and　12・8
kcal／mol，　fUmished　the　products　3．玉3　and　2．24kcal／mol　less　stable｛han｛he　substrates，
「espectively．　In　the　case　of　allykhio1，　reaction　at　the　same　site　was　found　to　require　the
higher　ac廿vatio且　energy　by　　l．28kca1／mol．　　These　results　at　Ieast　qualitatively
demonstrated　the　faster　reaction。f　methane曲h舳｛烈han　allyl曲1　with　mushroom
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ex甘acちand・n　the　basis・f曲c。mpu血ti・n，　nucle・P憾1ic　addi廿・n・f伽ls　is　expect｛虹t・
occur　at　the　5　position　prefbrentially　wh量1e　we　have　nLot　an．alyzed　these　adducts　in　detail
ai｝er　isOlation．
　　　　　　　　　　　　　　　　　．H＋
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　　　　　OH
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tnt一日
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FigUre　g　　　Fo㎜ation　of　intermediates　by　metha皿ethiol　addition　to　the　activated
　　　　　　　　protonated　o－quinone．
　　　Therefbre，　calcUlation　can　deduce　that　thiol　colnpounds　are　eliminated　by　the
mechanism　of　the　addit量on　reaction　with　polyphenols．　In　the圭n－vivo．　expe血nent，　the
average　concentration　of　ally1面ol　was　still　higher　than　that　of　methane血iol　fbr｛he
measurement　made　at　30min（Table　2＞．　The　result　of　the　calculat量on　could　explain　why
metha皿ethiol　decreased　faster　tha皿allylthiol．
　　　　Although　fUrther　experimental　work　is　needed　to　determine血e　precise　reaction
speed　and　its　pathway，　the　cument　stUdies　proVided　a　strong　reason　to　．provide　the　eVidence
that　Inushroom　eXtract　has　a　faSter　and田ore　effective　deodorization　effect　againSt　thiol
compounds．　Since　mushroom　extract　conta圭ns　a　m㎞re　of　different　chem量cal
compo㎜ds，　it　can　be　assumed甑m唖ple　actions　such　as　physical　and　chemical
interacti。n・betWeen・v。1atile　9u血r　c・mp。皿ds　and・ther・chemical・c・mp6u鳩・the曲an
addition　reaction，　should　be　i　lvolved　in　eliminatio血of　the　malodor　after　gariic量皿gestion・
However，　above　calculation　suggests　that　addition　reaction　of　methanethiol　and　allylthiol
t・・－q足血・nes，　P正Oduced　fr・m　p・1）ワhe且。lic　c・mp・Imds　by　p・1）rPhen・1・Xidase・can　be
attributed　to　fhe　main　cause　in　the　el血ination　mechanism．
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5．　Co皿eEusion
　　　　In　this　chapter，　thLe　deodo血ing　effbct　of　mushroom：extract　on　the　malodor　produced
出er　g肛lic　co期㎜pti。n　was　investigated．　Comp肛ative　gas　chromato匹aphy副ysis
revealed　that　the　quantity　of　methanethiol　a皿d　allyltihiol　that　were　usua　lly　found　after　garlic
solution血se，　significa皿tly　felI　after　mushro　om　extract蜘sing．　Fu血emlore，　in－vitro
analysis（mixing　the　garlic　solution　and　mushreom　extract）showed　that　methanethiel
reaction　wi血mushroom　extract　proceeded　faster　than　that　of　allylthiol．　Ab　initio
calcUlations　㎞plioated　an　addition　エeaction　as　a　possible　m㏄ha王11sm・between　thiol
compoullds　and　polyphenols．　in　comparison　to　me血ne血ioいhe　higher　activatio且
energy　req瞭edちy　allylthiol　fc｝r　a　feasible　reaction　pass　way　wi急the　model　acceptor，
o－quinone，　is　expected　to　contribute　to｛he　differe皿ce　in出e　rate　of　t　le　reaction．
　　　　Those　findlngs　were　shown　to　be　well　co正related　with　Iesults　obtained　ffom
commerciai　odor　sensors．　The　odor　sens。r　system　could　be　an　alternative　method　of
evaluating　the　ef置cacy　of　elrmtion　by　deodora且ts　fbr　garlic　caused　malOdor．　It　is
especiaUy　usefUI　hl　evaluation　of　a　large　am・olmt　of　malo　dor　salnples　with　subtie
difilere皿ce．
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Cbapter　VI匡
Colligation　and　viSion
　　　　Longer　and　stable　consumption　of　the　food　dependS　on　its　pala剛ity　as　well　as　its
qIiaiEity　preserv飢i・n　pr・pe1ry・C…sumpti・丘・f　miscellane。us　cereals（i・e・s・rghum，
Hu血9…漁n騨s，　Ge㎜Im　m且1et，　Japanese’面Ilet），　which　used　to　b。　a　s⑳1e　diet　in　many
countries，　declines　shalply　in　recent　several　decades沁the　doveloped　country　because　of
its　palatab趾ity．　Althoughl　tex加re　and　appearance　are　irnperta皿t　constitUentS　for　the　senso】ry
percePti・n　of・the　f・・d，　ar・・na　or・d・r　is　the　m・st㎞P・1加：t　Characteristic　that　s三gnifies
c螂㎜ers置intereSt　in　fe。d　choipe．
　　　　Thus，　it　is　critica1　proble磁to　develop　new　techniques　for　analytically　assessing　fiavor
of　fbods　and　integrate　the　infbrmation・into　developing　methods　ef　improving　tl　te　f韮avor　or
reducing　the　offLflavoτ，　which　will　co1並ribute　to　gaining　the　popularlty　of　food圭ngre（lients
and　expanding　their　use　to皿ew　food　applicatio］rs．
　　　　This　is　eSpecially　critical　in　development　of　fUnctional　foOds．　ln　order　to　maxi皿ize
thc　health　benefits，　it　is　often　necessary　to　include　many　nutritionaI　componentS．｝lowever，
many　ftmctional　ingredients　possess　adverse　senso正y　attribu重es・For　iロstance，　inco4｝orat三〇n
of　various　vitamins　or　Ininerals　hlto　fiiiat［products　ca且ofしen　lead　to　a丑unaccoP重able　f！avor．
Also，　depending　on’the　mant　ffactmg　process，　fUnctionai　ingredie］【並s　are玉猛【¢1アto　changes
in　their　physical　or　chernical　properties，　caused　by　al【血o－carbony玉reac豆oR（Ma睦kard
reaction）and　oxidatio底which　lead　to血e　production　of　off」f玉avors．
　　　　For　evaluation　of　offしodor，　sensory　evalu＆tio丑　is　a茎）revalent　an．d　bas孟cエEethoC1・
HoweΨer，　due　to　the　li皿itations　of・血e　sensory　eva1琶a症on　wh三ch三s　imperat圭ve1y　subj　eotive
and　reqUires　1arge且UmberS　ef　SenSOry　panels　that　can　test　a　li㎡te曲励er　Of　Sε卿1eS
each　time，　improvement　of　the　eva！uation　methods　must　be　attempted．
　　　　翫sres㎝℃h　was　ailned厩develoP沁g　n。vel。d・r・evaluati⑪n・meth。δs　reg｛tr曲1g　the
instrumental　analysis，　in　the　development　of　swee重potato　and　gar｝icもased　f吐nctional
product　as　a　model　fbr　the　flavor　eva韮uation．　　By　iロtegrat加g　these　me血ods，血e
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evaluation　system　of　improving　flavor　or　reduc童ng　of獄lavor　was　developed．　Results　in
the　stUdies　can　be　contributed　to　expansion　of　use　of　fUnct玉onal圭ngrediellts　into　new　fbod
applications・
　　　　In意血e　chapter　I，　the　anaユysis　was　intended　to　identifシaロd　qua皿tifシvolatile
oompounds　which　are　responsible　for　the　characteristic　odors　of　sweet　potato　and　garlic．
The　possible　mecha㎡sm　of　the　off」odor　fbエmatio且was　discussed．　As　a　prerequisite　fbr
developing　the　novel　odor　assessment，　the　flavor　chemistry　of　the　offodor　formnation　of
sweet　potato　and　garlic】皿ust　be　understood．　Off　o　dor　extract　of　heated－saccharified　sweet
potato．were　obtained　by　using　a　purge　and　trap　system　and　ana　Iyzed　by　（｝C－MS．　Head
space　vapor　of　grated　garlic（in－vitro　sample）and　human　brea止h　after　garlic　ingestio皿（in－
Vivo　sa皿ple）were　aユSo　analyzed　by　GC－MS．　Sweet　potato　was　shredded　with　water　and
hom・genized・Then，　the　resUlting　slurry　was　steamed　and　sacch磁行ed　v舳amy玉ases　as　a
sample　prepa］ration．　GC－MS　analysis　revealed　that　gpproximately　42　flavor　compounds
were　identified　in　heated－saccharif1ed　sample，　compared　with　26　compOunds　in　raw　sweet
potato　sample．
　　　　Higher　propOrtions　aldehydes　（2，4繭decad呈enal，2，4－heptadiena1，　2－octenal　and　2－
no皿enal），　aromatic　aldehydes（benzaldehyde　a！1d　phenyl　acetaldehyde），　C6　aldehydes
（hexan樋，2－heptana1）were　present　in　raw　sweet　potato　j　uice．　Th三s・was．assumed　to　i且volve
en2ZVme　lipoxygenase　fbr　Hpid　degiadation血fatty　acid　substrates．　H三9her　proportions　of
Ke　tones（β一ionone，β一damasceno皿e，　hydroxy－t血ロe廿夏y玉一cyclohexanone）and　te】堕e且oids
（li皿alool，　limo且ene，　a－te互pinene，　cym・ene，β一cycloc童t1・all）were　id｛痂丘ed　in　heated－
saccharified　sweet　potato　sample．　These　were　chafactcristic　impact　co憩pounds　which搬aヲ
comprise　the　basic　heated－saccharified　sweet　POtato。dor．　Formation　of　teipene圭ds　were
assumed　toわe　formed　by　enZymatic　hydr｛｝1ysis　of　liberated　m⑪noterpe鵬s　whe且sweet
potato　is　blended　under　high　temperature（abo皿t　100°C）With　preseBce　of　aoidlic　pheBols
and　also　u皿derg。es　cyclization，　which　is　f磁her　c。nverted　t。　the舳・al　telpefi。ids　by
elimination　of　proton．
　　　　On　the　other　han嬬　only　3　fUran　and　pyrans　were　identtfied（2－pentyl恥aロ，　f㎞a玉
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　and　2－methy1　benzofUran）．　Relatively　lower　te1nperature　c⑪ndition　of　ro　asting（about
100°C）may　cause　1・wgr　am・磁ts・f　fUran　and　pyrans　and　n。　mait・1・which　is　less　pr。ne　t・
　produce　u且der　boiIiロg　con・ditions　at　about　l　OO°C・
　　　　　Seco皿dly三皿㏄analysis　of　garlic　v司por　and　garlic　i　lgested　breath，　presence　of　h蓋gh
　Inolecular　weight　sulfide　comLpounds（HMSC）and　Iow　1nolecular　weigh重sulflde
　compou且ds　were　confumed，　respectively．・Higher　proportions　of　HMSC　such　as　ailyl
　methyl　d董su雌de，　methyl　propyl　disulfide　and　dial互yl　disulfide血raw　garlic　were　fbu血d
　　血隻media‡ely　after　grating，　bUt　little　difference　i皿L，MSC　SUCh　aS　methane　SUIfide，　allyl
　　st韻de　were　fbund　between　raw　and　heated　garl量c．　On　the　other　hand，撤the　brea由sample
　　after　garlic　ingestion，　LMSC　values　were　higher　fbr　bエe曲a丑er　eating　raw　garlic，　but
　　HMSC　values　were　1主ardly　detectable　fbr　ea血g　brea止of　either　raw　gaエIic　or　heat－treated
　　gar至ic．
．　　　In重he　chapter　II，　the　studアwas　to　deveiop　an　analytical　procedure（sensory
　　evaluation＋cognitiΨ¢recognition　analysis）fbr　off－odor　assessme皿t　by　us値g　heated－
　　saccha面ed　sweeりotato．　Due　te　its　sensitiVity　an｛S　selectivity，　sensery　evaluation　is　th、e
　　エ【｝ost　apPropriate　tool　o食en　used　i且血e　evaluation　of　co且sumer，s　acceptance　and　deteotion
　　of　a且y　aroma　defgct．　Descriptive　alla玉ysis　proVides　a　quantitative　speg三fication　of　ali　the
　　sensory　attributes　of　f（）od　or　products・
　　　　　　One　f血ther　oompHca血g　faotor　of　human　odor　perception　is　the　cognitive　level　of
Percepti・n．　Od。r　experience’董s　natually　hed・nistic；the醐al　resp・nse　t・・d・r　by
　　consumer　is　often　defined　as　preferable　or　dis豆㎞9，　wid1血eエnost　saiient　atti　ibute　of　odors
being　pleasantness。r　unpleasa舳ess．1・heref・re，　measur髄e且t・f・ff－・d。r　sh・Uld　be　ais・
　　taken　i皿to　account　at　the　cognitive　level　to　elucidate　physlologica董cha血ges　associated・w嚢h
　　expOsure　to　pleasant　and　unpleasant　odors．
　　　　　Firstly，　t・identify　the　critica1　sens・rial・c・mp・且entS・resp・ns量ble蟹。flf－・dGr，　heated－
　　saccharified　sweet　potato　samples　were　analyzed｛’er　its　flavor　by　using　descriptive　analysis・
　　ApPlication　of　a　descriptive　analysls　makes量t　po　ss量ble　to　spec三fy　which　sensory　attribute
contributed　to　the　off－fiavor　formation．　Result　of　the　analysis　generated　total　ef　8　aroma
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or　odor　attributes　（grassy　arom亀sweet　arom亀sour　arorn亀caramel　arornε』　carrot　odor，
tomato　odor，　powdery　odor　a皿d　heavily　boiled　odor）．
　　　　Although　sensory　evaluation　would　be　to　detem㎡ne　the　consumer　acceptance　of　the
aroma　profile　for　final　fbod　products，　it　is　due　to　aroma　volatiles．　Significant　difl7erences
in・sweet”，”heavily　boiled’實sehsory　compone皿ts　were　found　in　heated－saccahrified　sweet
potato　j　uice，　whilピ響grassy書1，”carrot曾’aroma　were　found　to　be　significantly　higher　in　raw
swoet　potato　juice　vプhen　two　samples　were　evaluated．　From　evaluation　of　the
chairacteristics　of　the　standard　found　by　GC－MS，　the　terpenoidS，　ketones　were　sweet　and
fiowery　like，　while　certain　aldehydes，　which　were　higher　in　raw　sweet　potato，　were
described　as‘‘gree皿y”or‘‘grassジ．　Although　it　is　hard　to　assume　what　compounds　are
contributed　to壷，heavily　boied冒odor，　these　ketones　and　terPenoids　comp］dse　t’sweet”odor，
and　the　presence　of　high　quatntity　of　these　aroma　impact　compounds　in　the　heated－
sacchadfied　sweet　potato　may　co皿tiribute　to　the　’層heavily　bo鑓ed”off」odor．
　　　　Seco皿dly，　to　evaluate　the　coghitive　aspect　of　the　off－odor　of　sw㏄t　potato，
electroencephalo－graphy（EEG）measurement　was　conduCted　With　exposUre　of　off－odor　of
steamed　sweet　potato．　To　test　the　hypothesis　that　steam6d　sweet　potato　eff二〇dor　can　elicit
dist血otive　changes　in　the　electdcal　activity　of　the　cognitive　perception，　apPle　jUice　aro正na
was　chosen　as　a　positive　comparison．　A　significant　difilerence　betWeen　appIe　jUice　aroma
and　steamed　sweet　potato　odor　was　observed　on　the　basis　of　changes　inα，　wave　power．
Although　apPIe　juice　atoma　Was　evaluated　to　be　pleasant　by　all　7　subj　ects，　the　salne
tenden．cy　was　not　observed　fbr　aU　the　subjectS　on　the　electroencゆhalogram．　Three
subjects　were　relaxed　by　apPle　juice　aroma．　however　no　changes　inαl　and　a2　wave
powers　were　observed　fbI　the　remaining　4　subjects．　It　was　concluded　that　apple　juice
aroma・e正icits　no　unpleasant　mood．　With　exposu∫e　of　steamed　sweet　potato　odor，　a・wave
power　was　markedly　decreased　in　half　of　the　subj　ects．　InLte耳pretatioIl　ofαwave　changes　in
el　and　u2　POwer　showed　an　increase　ef　tension　in　mental　state　With　an　eXPosure　of　heated
sweet　potato　odor，　while　n．o　changes　in　al　andα2　wave　power　were　observed　fbr　su切ects
　　　　　　　　　　　　L　　　　　　　　，in　genera1　when　they　were　exp・sed　t。　apPle　juice．　These　results　were　c・rTelated・With・the
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result　of　the　preference　grading，　which　showed　that　odor　of　apple　j　uice　were　prefer　over
heated　sweet　potato・T田s　result　sbLowed　that　offLodor　of　heated－saccharified　sweet　POtato
influences　the　physiological　state　of　the　subj　ect．　　　　　　　　’
　　　　With　use　of　instrurnental　measureme皿ts（㏄一MS　and　EEG　analysis），　it　was　fou皿d鰍
perception　of　Odor　can　be　analyzed　in　the　chemical　a皿d　physiological　perspective，　ofwllich
results　were　assoαiated　with重he　odor　preference．of　the　s呵ect．　Ide皿tification　by　OC－MS
analysis　fbund　the　specific　co町）ounds　elicit　valious　sensorial　responses．　Specific　patterns
of　brain　electrical　activity　al　so　reveal　association　of　odor　With　brain　actiVity．
　　　　　In重be　chapter　M，　development　of　the　new　o　dor　se皿sor，　which　eva　luates　the　odor
quality　in　terrns　of　the　subj　ect「s　preference，　was　a髄empted．　In｛he　chapter　ll，　the　ability　of
odors　to　produce　pleasant　or　unpleasant　experienoes　was　evaluated　by　measu血g　the
physi・1・9icai　state・fb曲・activity・　Because　EEG　measure・nent　is血c・nvent　t・use，　tt　is
des辻able　to　de》elop　a　handy　method　ofmeasurhlg　the　odor　pleasantness．　The　odor　sensor
is　a　new　technolegy　which　co皿d卿1y　subStitUte　human　nose　in　quality　control
environnlent．　The　odor　sensof　is　based　on　non－spec雌c　conductive　metals　which　measuτe
aroma　components　as　a　whole．　Since　they　measure　undefined　totai　volad　les，　it　can　not
detect　the　character　impact　component　of　the　odor，　and　cannot　give　any　indication　of　the
hedonic　coエnpone皿t　of　the　odor　evaluated．　Although　it　is　dif五〇ult　to　take　into　accou皿t　the
cognitive　aspect　of　the　odor，　it　woUld　be　very　intrigUing　to　develop　the　odor　sensor　which
could　separate　the　odofin　termβofpleasa皿tness　and　unpleasantness．
　　　　The　odor　se且sor　developed　in　this　study　consists　of　se㎡conductors　of　combined
slntered　and仕血f盟m　metal　oxides．　The　former　sensor　type　reacts　sensitively　to　light
odorants（compounds　With　low　molecUlar　weights），　while　the　latter　sensor　type　is　more
sensitive　to　heav量er　odorantS（compOundS　With　relatively　1arge　molecUlar　weights）such　as
unsat皿rated　aromatic　hydrocarbOn　group　compounds　1ike　toluene　or　methanethiol．　A　tota豆
of　6　semiconductor　sensors　were　combined三n　this　odor　sensor　to　cover　a　broad　range　of
chemical　propenies．
　　　Evaluation　of　odor　for　vatious　food　products　was　found　that　respOnses　ftOm　sensors　2
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and　4　were　small　a血d　those　f｝om　sensors　3　and　6　were　greatly　en　Iarged　for　pleasant　smells．
On　the　other　hand・fbf　unpleasant　smeUing　substances　tho　radar　graph　shape　was　very
different・　From　these　results，　the　quality　of　the　odor　in　terms　of　the　degree　of　prefbrence
was　defined　as　an　F－value，　which　is　calcUlated　as‘‘sensor　responses　of　CH3＋CH6／CH2
＋CH4”．　The　strength　of　odor　was　d6fmed　as　an　S－value，　which　is　integration　of　the　area
u皿der　the　spider　gr琴ph・　T1丘s　fbrmula　is　contextua1セed　fbr　odor　subs伽ces　dist董ngu量shed
clearly　to　be　good　or　bad　odor，1）ut　can皿ot　be　contextualized　fbr　an　odor　substances．
Al1hough　the　data　shown　in面s　study　is　still　premature　to　be　conclusive，　the皿ew
developed　sensor　may　suggest　the　possibility　of　evaluati皿g　the　degree　of　pleasantness　in
the　odor　quality　in　a　measure　ftom　the　data　analyzed　by　these　serniconductOr　sensors．
　　　　In　the　ch註pter　IV，　based　on　the　identified　odor　impact　col血pounds　information　fbund
in　the　chapter　1，　various　deodorantS，　activated　carbon（AC），　maltosyl　cyclodextrin（MCD）
and　apple　polypheno1（AP），　were　selected．　T　he　ef　ficacy　of　the　deodorants　in　Teducing　the
”heavily　boiled　odor”　of　heated－sacchahfied　sweeやotato　juice　were　evaluated　by　using　the
new　odor　evaluation　system，　usi皿g　a　new　odor　sensor，　sensory　cvaluation　a皿d㏄一MS．
The　new　developed　odor　sensor　found　the　highest　deodorizing　efficiency　for　AC，　fbIlowed
by　MCD　and　AP，　of　which　resU　lt　was　a　lso　confh　med　by　the　sensory　ana　lysis．
　　　　F皿thermore，　flavor　compounds　in　the　deodorized　sample　were　iden亘fied　by　the　GC・
MS　analysis．　While　the　AC　reduced　the　peak　inte皿sities　of　13　cempOundS　in　raw　sweet
potato　juice　to　less　tha瞳peak　height　5　after　deodorセ痴o恥MCD　did　not　reduce　the　pe…止
コ　　　　　　　　　　　　ロ　　ロ　　　　　　　　　　　　　　　　　　　　　　　　　　　　　じmtensities　to　a　similaエextent　To　clarify　the　mechanism　of　adsoτption　with　AC　and
envelopme皿t　with　MCD最）r　the　ident雌ed　odor　components　of　the　sw㏄t　potato　juice，　the
resUlt　was　analyzed　with　hydrophilic　lipophilic　balance　value　conoeptioll．　Lower　HLB
value　compounds　such　asβ一cyclo　citral，2－methyl－2－butena　1，　which　indicates　the　relativeIy
high　hydrophobicity，　were　adsorbed　in　AC　effectively，　whne　higher　HLB　value
compounds　such　as　acetone，　di　acetyl，　were　hardly　adsorbed，’Ihis　proved　that　AC’s　i皿er
hydrophobic　environment　prevented　the　hydrophilic　comp（）un．ds　from　being　adsorbea
wh皿e　hydrophobio　compounds　could　be　enveloped　easily　in　its　vacancy．　Although　MCb
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fbIlows　the　same　tendency，　some　of　the　lower　HLB　vaIue　compo㎜ds　were　fbund　not　to　be
adsorbed　effeetively．　This　may　be　due　to　steric　hn（i　aance　of止e　struc加re．　The
Gompounds　with　sever｛］1　side－chain　groups　such　as　（2－ethy1－4，5－dimethyIphenol，
cycloisosativene）or　compou皿ds　with　ringed　structUre　such　asβ一cyclocitraユafter　MCD
treatment　were　hardly　adsorbed．　These　results　concIude　that　deodorant’s　efficacy　can　be
e仙ated　by血e　new　odor　sensor　syst㎝．　This　result　was　found　to　be　attributed　to　the
degree　of　interactio且between　the　odorous　compounds　and　the　deodorant．
　　　　　In　th．e　chapter　V，　the　characteristic　of　the　garlic－induced　odor　was　evaluated　by亡he
new　developed　odor　sensor　system．　Despite　its　notorious　value，重he　use　of　the　garlic　to　the
food　application　is　still　limited　due　to　ora1　malodor　af㌃er　garlic　ingestion．　E1血inatio且of
malodor　problem　can　help　expansion　of　garlic　use　to　the　various　food　categories．　Prior　to
detem血［ation　of　possible　elimination　mechanism，　odor　quality　of　raw　and　heated　garlic，
and　breath　after　garlic　ingestion　were　evaluated　by　using　the　new　developed　odor　sensor，
sensory　evaluation　and　GC－MS　to　dete㎜董ne　the　d撚erence　of　each　odor　quality　and
identify　volatile　che皿icals　whioh　may　resU　lt　in　the　potential　odor　change。
　　　　皿正eFand　S　values　of　the　new　odor　sensor　showed　that　garlic　odor　characteristics　and
streng血were・different　in－v三tro　sample　a皿d　i皿一vivo　salnples．　F・曲e　in－Vitro　sample，血e　F
value　was　lower　and　S　value　was　higher　fbr　raw　garlic　than　fbr　heated　garlic　and　t通s　result
matched　the　data　of　GC　and　se皿sory　ana正ysis。　hl　the　in－vivo　saエnple，　S－value　and　F－values
of　bOth　breath　samples　were　lower　than　those　of伍e　in－vitro　sample．　This　suggests　that
raw　garlic　has　a　strong　o　dor　and　its　odor　changes三血to　unpleasallt　odor　in　in－v圭vo．　On　the
other　han¢garlic　odor　became　moderate　with　heathlg　and　so　when　heated　gar正ic　was
mgested，　it　did　not　produce　a’strong　unpleasant　odor．
　　　　This　was　supported　by　sensory　and　GC　analyses．　The　sensoly　results　showed　that　the
strength　of　garlic　odor　was　stronger　for　raw　garlic　than　for　h、eat－treated　garlio　fbr　both．　the
ln－vlvo　and　h1－vitro　samples．　From　the　GC　analysis，　HMSCs　sach　as　a晦1　methy1　disulfide，
me血yl　propyl　disulfide　and　dially正disulfide，　were　found　to　be　largely　contributed　to　the
sPecific　odor　of　garlio，　thus　the　GC　result　con㎞ed　the　sensoly　resu正t．　On　th．e　other　hand，
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in　the圭n－vivo　sample，　LMSC　values　were　higher　after　eating　raw　garlic　and　these　were
cons量dered　to　be　the　mI麺or　cau、se　of　malodorous　breath　after　garlic　ingestion．　These正esults
showed　that　odor　sensor　data　could　evaluate　the　quality　differenee　of　each　garlic　odor　and
were　well　correlated　with　se皿sory　and　GC－MS　analysis．
　　　　in　the　chapt6r　VI，　based　o皿the　odorous　compo㎜ds　irrformation　obtained玉n　the
previous　chapters，　the　apPropriate　deodorant　was　seleoted　and　its　ef置cacy　against　oral
malodor　was　evaluated．　in　．this　stUdy，血e　commercial　odor　sensor　eOX　4000，　Alpha－
MO　S　Co・，　Ltd）was　chosen　to　eva　luate　the　degree　of　deodoriZation　for　the　breath　of　the
s両ects．
　　　　Although　the血stru1皿ent　does　not　provide　specific　i1rformation　of　the　qualitative
dit1ferences　between・samples，　it　is　exte皿siveIy　used　as　an幽＄ｳ mative method　fbr
disc血血ation　of　multiple　samples　due　to　its　combined　powe㎡Ul　mUltivariate　statistical
discrhn量nation　analysis・　Since　evaluation　of　the　ora1血alodor　is　the重east　type　of　the
sample　which　human　assessor　wants　to　evaiuate，　apPlication　of　the　od。r・sens。r　should　be
developed　i且correlation　with　sensory　results　or　to　specific　instruエnental　data．　The　results
demonstrated　that　the　odor　sensor　could　select　the　optimum　dose　of　mushr（）om　extract　fbr
elimination　of　off－odor　a血d　coUld　evaluate　itS　deodorant　effect　of　mushroom　extract　for　the
maIodor　after　ingesting　garlic　in　mUltiple　subj　ects．　Correlation　between　electronic　odor
sensor　and　sensory　a皿alysis　data　was　significantly　high，　and　the　sensor　assessment　proved
to　accurately　predict　the　odor　intensity　scores　of　different　odor　samples　as　assessed　by
human　evaluation．
　　　　GC　a皿alysis　showed　significant　decrease’in　the　amounts　of　methane－　and　allylthiols
both　of　which　were　found　in　the　expirations　of　5　subjects　after　ingest量ng　garlic．
Subsequentiy，　it　was　sh・wn血t　the　reac亘・n　pr・ceeded賦er釦r　me舳、ethi・l　t㎞
a11ylthioL　Ab　initio　calculation　was　made　using　the　simplest　model　at　the　B　3　LYP／6－3　1＋G＊
level・f血e・ry，　and　pr・ved　that　under　thi・1。・mp・unds　exi曲ce，　ad（liti・且rea曲n
between　thiol　compOunds　and　o－quinones　occurs　and　its　reaction　proceeds　qUick　ly．　The
novel　odor　evaluatio皿system　showed　that　mushroom　extract　could　effectively　suppress　the
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production　of　methanethiol　a皿d　allylthiol　quickiy，　and　its　effbct　was　proved　to　a伽bute　to
Michael　addition　mechanism．
　　　　in　summery　of　ai1加vance　has　been　］nade　in　understanding　the　molecular　and
cognitive　m㏄hanisms　hエvolved　in　off－odor　perc¢ption　and　its　deodorization　of　heated－
saccharified　sweet　potato　and　garlic．　These㎞ds　of　i㎡o繊i。且were　inte餌e曲to
doveloping　the　new　odor　sensor　which　could　potenti毬ly　evaluate　the　odor　qua1玉ty　in　terms
of　consumer’s　degree　of　preference，　and血囎ple（Xior　evaluation　syStem　combining　the
senso可evaluation，　odor　sensor　and　GC－MS　ana正ys三s．　Although　fUrther　researches皿ust　be
co皿ducted　fbr　elucidation，止is　study　is　a　beg血ting　and　provides　some　pointers　for　the　next
step血developing　odor　sensor　systems　which　coUld　eva　luate　the　quality　aspect　of　the　odor
and　aroma　of　foods　and　foods　ingredientS．
　　　　The　present　researCh　showed　tlrat　the　off－odor　of　heated－sacchar　ified　sweet　pOtato　and
garlic一圭nduced　oral　malodor　could　be　effectively　eliminated　by　us圭ng　the　nlultip玉e
instrumental　evaluation　syStem，　and　their　elimination　mechanisms　were　also　elucidated．
These　h正｝trumental　analyses　are　viable　altema廿ves　fbr　sensory　evaluation　hl　evaluation　of
off－odor．
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　1
　　　　The　developed　m．ethods　in　this　study　not　only　contribute　to　the　i皿crease　i皿
consumption　of　the　sweet　potato　and　garlic，　which　leads　to　reVitalize　for　production　of
sweet　potato　products　a皿d　local　industries，　but　also　contribute　as　a　new　system　to　the
progress　ef　aroma　or　odor　evaluatio＃　in　the　product　development　and　quality　contro1　of　all
fbods　and　fbod　ingredients　in　fbod　i皿dustry．
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